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clearly explained. New I.C.U. nomenclature is used 
without sacrificing a knowledge of the older names. 


MORE EFFECTIVE TEACHING AIDS 


Subject matter is correlated with laboratory work and 
is arranged to permit introduction of supplementary 
material as desired. Illustrations relate to, and clarify, 
specific points. Demonstrations are simple, dramatic 
and workable. Self-study questions and easily-graded 
examination questions are especially helpful. Includes 
a comprehensive bibliography and unusually complete 
cross index. 
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IMPORTANT NEW MATERIAL 
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viruses, antibiotics; new reactions—chloromethylation, 
Clemmensen reaction and Reformatsky reaction. There is 
also new theoretical material on bond energies, bond dis- 
tances, inductive effect and electronegativity. 


CLASSROOM TESTED APPROACH 


Effective use is made of cross references and repetition to 
stress salient points. Descriptions are given for whole 
series rather than individual compounds. Physical con- 
stants are given in complete tabular form that permits 
plotting of graphs. A table of melting points and boil- 
ing points is cross-referenced to the text—encouraging 
greater use of the text in the laboratory. Numerous 
charts and summaries aid initial study and facilitate re- 
view. Correct graphic formulas are freely used. Methods 
of study and review are included and the “Review 
Questions” at the end of each chapter contain new prob- 
lems. Literature references are up to date and confined 
to books and journals usually available in every school. 
The clarity, directness and adaptability of the material 
make this a most teachable text. 
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Electron micrograph of an alloy of aluminum, nickel, 
cobalt and iron. Magnification 20,000 diameters. 


lectrons 


the alloy becomes a powerful permanent magnet. 

te changed structure. Black bars reveal formation of 
precipitate parallel to the applied field. Each bar is 
@ permanent magnet. 


nN 1927, Bell Laboratories physicists demon- They to potters tell ‘the 
strated that moving electrons behave like light rangement of the atoms . . . help show how telephone 
: materials can be improved. 
waves, and thus launched the new science of 
electron optics. 

Now, through the electron beams of the electron 
microscope and electron diffraction camera, scien- 
tists learn crucial details about the properties of 
metals far beyond the reach of optical micro- 


scopes or chemical analysis. 
: Diffracti ttern of polished i Is 
At the Laboratories, electron beams have re- 4 wilds weld the ger 


vealed the minute formations which produce the formance of a transistor. 
vigor of the permanent magnets used in telephone 
ringers and magnetron tubes for radar. The same 
techniques help show what makes an alloy hard, 
a cathode emit more electrons and how germanium 
must be processed to make good transistors. 


This is the kind of research which digs deep TELEPHONE 
inside materials to discover how they can be made 


better for your telephone . . . and for defense. LABORATORIES 


Improving telephone service 
for America provides careers 
for creative men in scientific 
and technical fields. 
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Auroral Research 


je aurora, revered since the time of the first 
arctic nomads, has been discussed for millennia. 
Even such vivid descriptions as that of Weyprecht— 
“Waves of light drive violently from East to West, 
the edges assume a deep red and green color and 
dance up and down. Rays mount rapidly towards 
the zenith. The sky is in flames . . .”—searcely re- 
capture the splendor of the violent displays so com- 
mon in the North. Yet little scientific investigation 
of this phenomenon occurred prior to 1900. Fritz 
constructed his map showing isopleths of equal 
auroral intensity in 1881; no serious revision has ever 
been found necessary. 

A theory regarding the formation of the aurora was 
first advanced by Goldstein (1881). His view—that 
these excitations arise from the bombardment of the 
atmospheric gases by charged particles ejected from 
the sun—was subsequently supported by Birkeland 
and Stérmer. Lindeman (1919) introduced, and Chap- 
man and Ferraro (1931) developed, the view that the 
polar aurorae are caused by a neutral ionized stream 
of solar particles. Alfven believes that the energy 
necessary for the penetration of the particles to an 
altitude of 100 km is provided by an electric field 
in the vicinity of the earth. This field may result from 
the motion of charged particles in a magnetic field. 
Greatest weight, however, is generally given to the 
views of Chapman and Ferraro, who postulated a ring 
current (about five earth radii outward from the 
earth) from which the solar particles bombard the 
ionosphere, mesosphere, and exosphere. These atmos- 
pheric shells are, at latitude 45° N, located, respec- 
tively, in the altitude range 80-400 km, 400-1000 km, 
and greater than 1000 km. 

Several international cooperative attempts have 
been made to study the aurora and other polar phe- 
nomena. During the Polar Year of 1932-33 the inti- 
mate relationship between the aurora and irregulari- 
ties of the E ionospheric region was established. 
Magnetic storms of various intensities produced 
marked increases in the ionic concentration of the 
ionosphere and rapid changes in its structure. Radio 
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wave absorption during intense phases of magnetic 
storms results in “radio blackouts,” some of them 
lasting for periods as long as 24 hours. A few types 
of radio communication systems in the Arctic are 
subject to severe limitations and even drastic failure. 

The alleviation of these deficiencies has stimulated 
examination of the polar aurora in all its phases, and 
a new tool has been given to the auroral researcher in 
the form of radar. Radio wave probings of the aurora 
(at radio frequencies from 30 me/see to about 30,000 
me/see) are being conducted at various localities. 
Attempts to determine its reflective properties (inso- 
far as radio communications are concerned) have been 
progressing, with splendid cooperation from the ama- 
teur radio fraternity. 

The various observational techniques provide an 
integrated investigation, to allow a better understand- 
ing of the aurora and the processes of its formation, 
as well as a better basis for the prediction of its 
normal and abnormal occurrences, its influence on 
communications, ete. 

Studies of the aurora have revealed spectra thus 
far unobtained in the laboratory—e.g., the OH band 
systems and the Meinel system of molecular nitrogen. 
From examination of the band sequences, important 
information may be deduced regarding the excitation 
and ionization produced in the ionospheric and meso- 
spherie regions. Although only protons have thus far 
been observed entering the terrestrial atmosphere, it 
is conceivable that heavier particles are also present. 

In spite of the promising start made in auroral 
research, much remains to be done. An adequate treat- 
ment of the magneto-hydrodynamical equations de- 
seribing the deflection of the solar, ionized particles 
by the geomagnetic field has never been successfully 
accomplished. The mechanics of ejection of these par- 
ticles from the sun is unknown. The excitation and 
ionization which they produce as they invade the 
mesosphere and the ionosphere have not been fully 
clarified. All these unsolved problems offer an exciting 
challenge. 

N. J. OLiver 
Air Force Cambridge Research Center 
Cambridge, Massachusetts 
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Body Composition: Studies in the Human 
Being by the Dilution Principle’ 


I. S. Edelman?, J. M. Olney*, A. H. James*, L. Brooks®, and F. D. Moore® 


N A BRIEF COMMUNICATION published in 
this journal in 1946 (1) the principle of isotope 
dilution was set forth as a means of studying 
body composition in the living human being. 

Utilizing this principle, tracer materials were injected 
intravenously, allowed to reach uniform distribution, 
and from the dilution achieved at equilibrium certain 
constituents of the body were measured. Radioactive 
and stable isotopes were thus used to measure the 
potassium and sodium in the body, the total body 
water, and the extracellular phase of body water. 
Color tracers were used, as they had been for several 
years, to measure plasma volume by the same dilution 
principle. As an example of the application of this 
concept, a series of measurements (“isotopic dissec- 
tion”) in a normal healthy young man was presented. 

An approach to the understanding of disease by an 
investigation of changes in total body composition 
has been an outgrowth of such methods. The horizon 
of clinical chemistry has widened from the narrow 
confines of concentration studies to a broader view 
of the total aqueous environment of the cells and of 
the total quantity of solutes in circulation inside and 
outside of cells. 

It is our purpose herewith to review very briefly 
the history of this work, its general principles, and 
the significant advances of recent years. As a footnote 
to the 1946 report we present again the “isotopic 
dissection” of the same young man, carried out in 
1951 by the greatly refined techniques now available. 


GENERAL PRINCIPLE AND DEVELOPMENTAL HISTORY 


The extent to which a substance is diluted in a 
solvent constitutes a measure of the volume of the 
solvent. If one adds to a beaker of distilled water 
1 g of sodium chloride and finds after mixing that 
the concentration is .01 g/ml, it is quite clear that the 
volume of the beaker is 100 ml. This simple relation- 
ship may be expressed as the following equation : 


1 From the Laboratory for Surgical Research of the Har- 
vard Medical School at the Peter Bent Brigham Hospital, 
Boston, Mass. This work was carried out under a grant from 
the Atomic Energy Commission. The authors wish to express 
their gratitude to the commission for this support, and to 
A. K. Solomon for making available the mass spectrometer 
at the Biophysical Laboratories, Harvard Medical School. 

2 Research fellow of the American Heart Association. 

* Henry EB. Warren fellow, Harvard Medical School. 

*St. Mary’s exchange fellow to the Peter Bent Brigham 
Hospital. 

5 Research fellow in surgery, Harvard Medical School. 

* Moseley professor of surgery, Harvard Medical School, 
and surgeon-in-chief, Peter Bent Brigham Hospital. 
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_O,V, 
Cc,’ (1) 
where C, and V, are, respectively, the concentration 
and volume of the solute before dilution, and C, and 
V, are the concentration and volume of the solute 
after dilution. The concentration and volume of the 
solute before dilution are known, and the concentra- 
tion after dilution is experimentally measured. The 
only unknown in the equation is, therefore, V,, and 
the equation is accordingly solved for the unknown 
volume. 

In the study of body composition in the living 
human by the dilution principle, the subject’s body 
or some fraction thereof is the beaker of our analogy. 
An easily identified isotope, dye, or other tracer sub- 
stance is the solute. The extent of dilution achieved 
measures the volume of some fraction of body water 
such as the plasma volume, or the weight of some 
constituent such as potassium. The validity of appli- 
eation of this principle varies with each special use 
to which it is put. In no instance is the human body 
or any of the parts truly analogous to a simple beaker. 
The human beaker is in dynamic equilibrium with 
other liquid and solid phases; it may be inhomogene- 
ous or multicompartmented, and its volume changes 
in disease. And, finally, the establishment of dilution 
equilibrium and its measurement may be a matter of 
some difficulty in proof or practice. 

The dilution principle was first used in the study 
of total body composition in the living human being 
in 1915 by Keith, Rowntree, and Geraghty (2) when 
they first explored the use of a red dve to measure 
the plasma volume. Here the dye was injected intra- 
venously and allowed to circulate for a few minutes, 
after which multiple plasma samples were taken to 
measure the concentration after dilution. It was soon 
discovered that the concentration of the dye after 
mixing was not constant. It “disappeared” from the 
blood plasma. To return to our analogy of the salt 
placed in the beaker full of water, the beaker ap- 
peared to have a little fresh water running into it 
all the time and a little salt water running out the 
bottom. It was being constantly refilled, and it had a 
leak. The result was that the concentration of the 
dye slowly fell. However, by mathematical means a 

™This equation is derived from the simple consideration 
that the product of concentration and volume has the dimen- 


sion of weight or mass, and within a closed system the mass 
of the solute is constant regardless of the extent of its dilu- 


tion ; that is: 
C,V,=0,V,. 
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reasonable estimate could be made of the volume of 
plasma in which the dye was initially diluted. 

During the next fifteen years progress in this field 
was made with the aid of a blue dye known as T-1824, 
signifying that tolidine is coupled with a 1-amino, 
8-naphthol, 2,4-disulphonic acid. This dye is also 
known as Evans Blue, because it was first extensively 
studied by Herbert M. Evans, of California (3, 4). 
It has come into wide use for plasma volume measure- 
ment, and great attention has been given to the exact 
details of the method, improvements in optical meas- 
urements of the dye, and clinical interpretation (5-7). 
But the fundamental problem remains—and still re- 
mains with all plasma volume methods—that the 
beaker has a small leak in it, and a small amount of 
water is being added all the time. In other words, the 
dilution curve is not flat but remains sloping until the 
dye completely disappears. 

In 1934 Crandall and Anderson published their 
classical article on “Estimation of State of Hydration 
of Body by Amount of Water Available for Solution 
of Sodium Thiocyanate” (8, 9). The concept here was 
that a larger beaker was being measured, because an 
ion was used that diluted itself in a larger volume 
than the blood plasma. This beaker contained, not just 
the water in the blood plasma, but also the water on 
the far side of the capillary in the interstitial fluid, 
the lymph, and indeed all the water of the body out- 
side of cells. This was termed the “available fluid” and 
was measured by injecting thiocyanate, permitting it 
to reach a dilution equilibrium, sampling its concen- 
tration, and, by application of the dilution formula, 
ealeulating the volume of water in which it was di- 
luted. The technical problems here were many, but 
the principle was sound. Here the beaker of our 
analogy has a good-sized leak in it, just as in the 
plasma. The “leak” constitutes movement of thio- 
eyanate into cells and urine. However, there is an- 
other complexity with extracellular methods; namely, 
that the beaker is not homogeneous. The blood plasma 
may at least be considered to be a single anatomical 
compartment within the blood vessels. The extracellu- 
lar phase, by contrast, is widespread and constitutes 
many different kinds of fluid, including liver lymph, 
visceral lymph, peripheral subcutaneous lymph, mus- 
cle lymph, and many other types of fluid outside 
cells that will be mentioned in greater detail below. 
Despite these limitations the thiocyanate method con- 
siderably widened the horizon of investigation. 

This was about where dilution studies of body com- 
position rested in 1940, when many new methods 
began to become available. The developments of the 
past twelve years have brought us new methods not 
only for plasma and extracellular fluid volume, but 
also for volume of the red cells, total body water, 
intracellular water, total exchangeable potassium, 
total exchangeable sodium, the labile iron pool, and 
many others. These are all dilution methods resting 
on the simple analogy of the beaker and the salt. 
Many involve radioactive and stable isotopes as well 
as dye and color tracers. They all have intrinsic errors, 
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or problems, that are described in general by the 
analogy of how big the “leak” is in the beaker, how 
much water is being added to the beaker per unit time, 
and whether the material added for the measurement 
itself alters the volume of the beaker or is metabolized 
within the beaker. 


PLASMA AND BLoop VOLUME 


Advances in technology for direct measurement of 
blood volume by the dilution principle have taken two 
main directions. First have been those that are direct 
descendants of the dye methods and are aimed at 
measurement of the plasma volume. Second are those 
that measure the red cell volume directly by diluting 
a material—usually tagged red cells—within the red 
cell mass. 

The methods for plasma volume have been expanded 
to inelude in addition to the blue dye method the use 
of radiobromine- (10) and radioiodine- (11) tagged 
plasma protein. These methods vary in technical de- 
tail, but they all present the same essential problem; 
namely, that the dilution curve is at no time “flat” 
and some sort of extrapolation must be used to derive 
the volume of initial dilution. Despite these disad- 
vantages, all the methods have given us useful in- 
formation, and successive measurements in the same 
patient show significant variations that are correlated 
with the clinical course of the patient. There is no 
evidence that the plasma volume is more nearly a 
“true value” as measured by any one of these methods 
than by any other method. Yet the details vary in 
technical convenience for the particular clinical cir- 
cumstances in which they are used. Albumin, in con- 
trast to a dye, is a normal constituent of plasma, but 
halogenated albumin is not. Furthermore, there are 
large amounts of albumin outside the plasma in the 
lymph of liver and viscera (12). Any valid albumin 
tracer will equilibrate into these areas outside the 
plasma. The tagged albumin methods (13) have yet 
to show themselves better in theory or practice than 
the time-honored dye, which indeed partakes of this 
same feature by virtue of its preferential affinity for 
albumin (14), with which it unites in stoichiometric 
proportions. In our opinion, the perfect plasma vol- 
ume method has yet to be found and may consist of 
a dilution method based on a large molecule that does 
not readily cross the visceral capillaries. 

The methods for measurement of the red cell volume 
employ the dilution of tagged red cells. They consist 
of putting the tag directly into the red cells by in vivo 
synthesis or in vitro exchange. A mass of tagged red 
cells is then infused. The concentration of the tagged 
red cells discovered in the recipient red cell mass 
within the first hour or two indicates the dilution and 
hence the size of the recipient mass. In most in- 
stances the tag employed has been a radioactive iso- 
tope. Radioactive iron (15) has been incorporated into 
hemoglobin by special donors given the material over 
a period of months. Radioactive phosphorus (16) and 
chromium (17) have been equilibrated into the cells 
in vitro. Carbon monoxide has also been used as a 
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chemical tag and should be of special utility in small- 
animal research (18). 

Here, in the measurement of the red cell mass, there 
is one helpful variation from the problems previously 
mentioned. The beaker has a very small leak and noth- 
ing new is being added. At least nothing is being 
added fast enough to alter concentration; red cells are 
found only within the blood stream, and the rate of 
synthesis of new red cells is so slow that the dilution 
eurve achieves a truly “flat” value. Indeed, with radio- 
iron-tagged red cells, once mixing has oceurred, the 
time-concentration curve is essentially flat, demon- 
strating only an extremely slow fall as new stable iron 
is added from the diet, and is synthesized into new 
hemoglobin, which then appears in new red cells. The 
other isotopic red cell tags (P**, Cr®°*) show variable 
rates of leakage of the tag because they are held in 
the cell by a binding less stable than that of iron in 
hemoglobin (16, 17). 

From simultaneous measurement of plasma and red 
cell volume by two tracers, the concept of the “whole 
body hematocrit” has emerged as being the erythro- 
eyte fraction of the total blood volume (15, 19). There 
are fewer red cells per unit blood volume in the 
patient as a whole than there are in a random sample 
of blood taken peripherally, for example, from the 
antecubital vein. It has been common practice for 
many years to measure the “blood volume” by meas- 
uring the plasma volume, the hematocrit in a sample 
of blood from a large vein, and then calculation by 
the familiar expression : 


100 
BV = PV x (2) 
The difference between the large vessel hematocrit 
and the whole body hematocrit (about 10% of the 
former) introduces a systematic error such that this 
should not be termed a measure of blood volume at all. 
Ironically, there is no escape from this enigma by 
measurement of the red cell mass and calenlation of 
blood volume from: 


Het (3) 


The large vessel hematocrit is still a determinant and 
one in error, and not to be escaped by such further 
maneuvers as hemolyzing the blood and reading the 
cell concentration some other way. The fact remains 
that there are truly more red cells per unit of blood 
in large vessels than in the body as a whole. In the 
last analysis a blood volume measurement should be 
based on the expression, independent of hematocrit, 
that: 


BV =RVx (et): 


BV =RV + PV. (4) 


There is general agreement, therefore, that the most 
accurate in vivo measurements of blood volume are 
based on simultaneous dilution measurement of red 
cell volume and plasma volume by two distinct tracers. 

®In formulas 2, 8, and 4, blood volume is indicated as BV, 


plasma volume as PV, red cell volume as RV, and peripheral 
large vessel hematocrit as Het. 
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Any pair of the above-mentioned may be used. The 
resulting volume for the total blood in circulation is 
then independent of the error introduced by the differ- 
ence between the large vessel hematocrit and the 
“whole body hematocrit.” The “whole body hemato- 
crit” can be calculated from the large vessel hemato- 
crit by the use of standard data (15). Such corrections 
are not always valid in the presence of acute disease. 
Normal blood volume varies from 7 to 9 per cent of 
body weight in healthy young adult males and from 
6 to 8 per cent in young adult females. Certain aspects 
of this work have recently been reviewed extensively 
by Gregersen (20) and Reeve (21). 


EXTRACELLULAR VOLUME 


Extracellular volume methods have also undergone 
distinct evolution. In addition to the thiocyanate 
method mentioned above (8), radiosodium (22), bro- 
mide (23), and radiobromide (24) have been used 
for this purpose. Inulin (25), sucrose (26), and man- 
nitol (27, 28) have been explored as well as, more 
recently, the thiosulfate ion (29,30). All these meth- 
ods for the measurement of the extracellular phase 
involve technical difficulties and interpretive uncer- 
tainties, because no substance has yet been identified 
that is a small molecule readily diffusible into all 
extracellular areas, nonmetabolized, and exclusively 
extracellular in distribution. In fact, one might name 
these as the “ideal requirements for an extracellular 
volume method.” 

In discussing the methods for plasma volume, it was 
pointed out that, although the beaker has a leak and 
some water is always being added, it is in point of fact 
one beaker. By this analogy it is meant that the 
plasma volume resides within the blood stream, even 
though it is actively exchanging water across the 
capillary. The extracellular volume has a disturbing 
heterogeneity about it. Although most of it is water 
that is immediately beyond ordinary capillaries, the 
other chemical characteristics of this fluid demon- 
strate its extremely variable nature. The content of 
protein and fat may vary widely, even though the 
electrolyte content is essentially in equilibrium. In ad- 
dition to this obviously extracellular water, however, 
there is water in special compartments of the body 
such as the cerebrospinal fluid, the water in synovial 
sacs, the water in glandular lumina, the water of bile 
and within the lumen of the gastrointestinal tract 
itself, and the urine in the collecting tubules and blad- 
der. None of this water is within cells. In that sense 
it might be called “extracellular” water. However, it 
has had to pass throngh cells and be processed by cells 
other than capillari..s in order to reach its present site. 
We have therefore termed this transcellular water 
and prefer to think of it as a special subdivision of 
body water. It is included in the deuterium technique 
of total body water measurement, but in general the 
molecules used to measure extracellular water do not 
penetrate readily into these areas. 

Although no one of these methods of extracellular 
space determination is ideal any more than any one of 
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the plasma volume methods is perfect, they have been 
extremely useful. The amount of water outside of 
body cells appears to be between 25 and 30 per cent 
of body weight in the normal. The normal plasma 
volume of 3-5 per cent is, of course, included in this 
figure. When plasma volume and transcellular water 
are subtracted, an interstitial fluid in the general 
neighborhood of 12-15 per cent of body weight is 
obtained. 

Recent work suggests that the thiosulfate ion does 
approximate the rigid requirements for a good ex- 
tracellular method and has certain practical advan- 
tages over inulin. The use of this ion is simple, and 
the volume calculation is based on a single injec- 
tion. Urine concentrations do not have to be meas- 
ured. The method consists of a brief infusion (10-20 
min) of 10 per cent sodium thiosulfate. Four to six 
serial blood samples are taken over a 1-hour period. 
The analyzed values for thiosulfate content are plotted 
on semilogarithmic coordinates, and the zero time di- 
lution is determined by extrapolation. Graphic correc- 
tion for renal loss and extrarenal metabolism is 
thereby achieved (30). In 10 normal young adult 
male subjects the volume of dilution of thiosulfate 
averaged 16.8 per cent of body weight, and in 13 
normal young adult female subjects the volume of 
dilution averaged 17.5 per cent of body weight 
(Table 1). 


males is 62 per cent of body weight and in the female, 
51.5 per cent. Both are average figures based on 
deuterium dilution. 

Considered in the light of the blood and extra- 
cellular fluid methods, the deuterium total body water 
method has great theoretical advantages. The beaker 
has essentially no leak, and very little water is being 
added—i.e., very little water is lost from the body 
during the 2 or 3 hours during which the measurement 
is carried out. Urine secretion in this time may ac- 
count for only 100 or 200 ml, constituting less than 
0.5 per cent of the total body water being measured. 
Water intake may be restricted to zero, and the water 
lost through the skin and lungs is less than 150 ml. 
The solute whose dilution is being measured—namely, 
heavy water—therefore distributes itself in a very 
large beaker from which there is little leak and very 
little is being added. Some deuterium is exchanged, 
and some is synthetically incorporated into organic 
molecules during the 2 or 3 hours of the measurement, 
but this is a tiny fraction of the total hydrogen in the 
body and during this short time probably accounts 
for less than 1.5 per cent of the injected deuterium. 
At high concentrations deuterium is toxic and cannot 
be considered as an ideal tracer for hydrogen. The 
mass difference is twofold, and there may be other 
differences also. However, at the low concentration 
employed for these studies (the final concentration of 


TABLE 1 
Bopy COMPOSITION AS MEASURED BY DILUTION IN NoRMAL YouNG ADULT HUMANS 
Males Females 
Body constituent and method used im 
No. of No. of 
subjects Mean Range subj ne 3s Mean Range 
Thiosulfate volume of dilution (% of body wt) 10 16.8 15.3-18.8 13 17.5 15.3-21.0 
Total body water (D.0O) (% of body wt) 37 62.0 54.5-70.3 19 51.5 45.6-59.9 
Exchangeable sodium (Na™) (mEq/kg body wt) 1l 41.4 36.1-46.0 3 41.0 31.4-45.9 
Exchangeable potassium (K“) (mEq/kg body wt) 33 46.8 35.6-53.6 14 40.7 28.0-47.2 
ToraL Bopy WaTER deuterium 11 body water is in the neighborhood of 


The measurement of total body water with heavy 
water was first tentatively explored in 1934 (31). 
Our report in 1946 described values in the human 
being and a simple check on the method based on 
desiccation studies in animals (1). These studies have 
been considerably extended through the refinement of 
the falling drop method of analysis (32) and by its 
corroboration in an extensive series of simultaneous 
measurements carried out on the mass spectrometer 
(33, 34). It has thus been possible to proceed with 
measurement of the normal human subject through- 
out the life span in both sexes (33, 35, 36). Anti- 
pyrine has become available for this method and has 
been investigated thoroughly in the past three years 
(37); this substance has many attractive technical 
features, particularly ease of analysis, but falls short 
of perfection both theoretically and on empirical 
grounds (38). 

As shown in Table 1, the total body water in normal 
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0.2 atoms % deuterium), the mass effect does not 
appear to influence dilution, and deuterium oxide is 
close to ideal as a water tracer. Viewed in the per- 
spective of 6 or 8 hours, the deuterium dilution curve 
becomes essentially “flat” after mixing. Viewed in the 
perspective of several days or weeks, there is a slow 
rate of fall, indicating the rate of total water turnover. 

The total body water method, of course, includes 
a measurement of all the water in the body. This 
must be considered as including plasma water, red 
cell water, interstitial water, all the varieties of lymph, 
all the intracellular water, and all the transcellular 
water. Extension of this method to clinical problems 
is in its infancy. 


Tora, EXCHANGEABLE SopIuM AND PoTassiuM 


The measurement of solid constituents by the dilu- 
tion principle is directly related to the measurement 
of the fluid volumes (1). There is only the technical 
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difference that we employ the dilution of an isotope 
in the family of naturally occurring isotopes within 
the body, rather than its dilution within a fluid moiety. 
For example, radioactive potassium is injected into 
the body, and the dilution achieved in the body’s 
mixture of potassium isotope is measured and ex- 
pressed as the “equilibrium specific activity.” From 
this figure the amount of potassium with which the 
isotope is exchanged may be calculated. 


since it is in very dry tissue such as bone cortex, hair, 
nails, and teeth. It is especially difficult to find where 
best to measure exchange. 

In the ease of both sodium and potassium, the 
plasma surprisingly appears to be the most satisfac- 
tory area in which to measure exchange. Despite the 
fact that the elements in plasma exchange with the 
isotopes to the same extent as sodium and potassium 
elsewhere, there are still certain areas of slow or in- 


TABLE 2 
Bopy COMPOSITION AS MEASURED BY DILUTION IN A NorMAL HuMAN BEING* 
Dilution 
. ; volume % Body By surface area 
Body constituent and method used eum weight (Per m*) 
(liters or mEq) 
A—Direct Measurements 
Plasma volume (blue dye) 3.67 liters 5.1 1.92 liters 
Extracellular volume (thiocyanate) mB 23.5 8.80 ‘* 
(thiosulfate) 13.4 18.8 746 
Total body water (deuterium) 40.6 ‘* 57.0 a3 
‘* exchangeable sodium (Na*™) 3075 mEq 43.2 mEq/kg 1610 mEq 
sé potassium (K*) 3440 1801 ‘* 
B—Derived Data 
‘<Intracellular’’ water (by difference) 7 27.2 liters 38.1 14.2 liters 
Extracellular potassium (4.3 mEq/1 x thiosulfate space) 57.6 m 0.81 mEq/kg 
‘<Tntracellular’’ potassium (by difference) t 3382 
‘* Ay intracellular’’ potassium concentrationt 124 mEq/liter 
Extracellular sodium (142 mEq/1 x thiosulfate space) 1903 mEq « — - 
‘*Tntracellular’’ sodium (by difference) t 1172 
Av intracellular’’ sodium concentration? 43.2 mEq/liter 


* Subject: D. C.; male; age, 32; weight, 71.4 kg; height, 181.5 cm; surface area, 1.91 m?*. 

+7 Intracellular water and intracellular potassium concentration are dependent on the characteristics of the methods 
used for estimating extracellular fluid volumes and do not represent exact values in any single tissue. It is particularly im- 
portant to emphasize that the true intracellular water is not obtained merely by subtracting an extracellular dilution vol- 
ume from total body water. The transcellular water—at present unknown—must also be subtracted. 

t This figure for “average intracellular” sodium includes some bone matrix sodium and is an average of all the sodium 
not in solution in extracellular fluid. It should not be construed as indicating the exact sodium concentration in, for example, 


muscle or liver cells. 


The measurement of solid constituents by this prin- 
ciple has moved forward in the past five years. Total 
exchangeable potassium has now been measured in a 
sizable group of normal individuals (39). The ex- 
changeable potassium in the body seems to be related 
in size to the lean body mass and to creatinine excre- 
tion. Total exchangeable sodium has been measured 
with the short-lived isotope Na** (40). 

The development of these methods for in vivo meas- 
urement of the weight of sodium and potassium in the 
body has pointed up the central problem of all such 
measurements when based on isotope dilution. The dis- 
tribution of these ions is heterogeneous, and a “fair 
sample” of the element must be established, which ex- 
hibits an isotope dilution representative of that in the 
body at large. 

In terms of our analogie beaker, we are here dealing 
with a beaker which contains a solid in solution, and 
we are measuring the weight of the solid rather than 
the volume of fluid in the beaker. Some of the solid 
is in solution in extracellular water, some in muscle 
or liver cells, some in tendon or fascia or skin, and 
some can hardly be referred to as in solution at all 
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complete exchange (e.g., for potassium, the red cell; 
for sodium, bone). For this reason the weight of ele- 
ments measured by isotope dilution is not termed 
“total,” but “total exchangeable.” In Table 1 are 
shown average values for total exchangeable sodium 
and potassium. The mean exchangeable sodium in 
young adult males is 41.4 mEq/kg; in females, 41.0. 
These figures for sodium corroborate the more exten- 
sive data of Forbes and Perley (40). The mean ex- 
changeable potassium in young adult males is 46.8 
mEq/kg; in females, 40.7. By differential precipita- 
tion of sodium and potassium from the blood plasma, 
it is now possible to carry out simultaneous isotopic 
measurements of total exchangeable sodium and potas- 
sium in the same individual. 


REMEASUREMENT OF Sussecr D. C. 


In our communication in 1946 (1), measurements 
were tabulated (as an example of the concept) on 
subject D. C. This helpful person recently returned 
to our laboratory, and we were offered the opportu- 
nity of remeasuring him, with the more refined tech- 
niques and concepts now available. These measure- 
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ments are appended in Table 2. The 1951 data are in 
interesting contrast to those of 1946. The subject has 
gained 5.4 kg in body weight, and his plasma volume 
has increased significantly as measured by Evans Blue 
dye. The thiocyanate space is essentially the same as 
before; the thiosulfate volume of dilution (not avail- 
able as a method in 1946) gives a significantly lower 
figure. 

The total body water of the previous report (47.8 
liters) is almost certainly in error in consequence of 
our use of the gradient tube for the analytic tech- 
nique. This method, we now realize, was grossly in- 
accurate (in our hands) as compared with the falling 
drop or the mass spectrometer (particularly at the 
low deuterium concentrations observed in the human 
studies, as opposed to those studies reported in the 
rabbit, where higher deuterium concentrations could 
be measured with reasonable accuracy in a gradient 
tube). 

The total exchangeable potassium data were in error 
not on technical, but on theoretical grounds; namely, 
in our use of the red blood cell for the measurement 
of specific activity at equilibrium. We now know that 
the red blood cell does not reach equilibrium of potas- 
sium exchange early enough to be a useful measure of 
isotope dilution. The specific activity of urine or 
plasma, on the other hand, is valid as a “barometer” 
of exchange and dilution at 24 hours, as demonstrated 
by tissue studies (39). 

The total exchangeable sodium measurements car- 
ried out in 1946 were based on the volume of dilution 
of Na** at 60 minutes. There is now a wealth of evi- 
dence that this early dilution is not a measure of total 
exchangeable sodium, but that the dilution indicated 
by the plasma specific activity at 24 hours does meas- 
ure the total exchangeable sodium. This, however, still 
does not measure the total amount of sodium in the 
body because of the lack of exchange of much of the 
sodium in bone. Because 35-40 per cent of the sodium 
in the body is in the skeleton, and half of this is not 
available for exchange and therefore probably not 
available for metabolic emergencies, the isotope meas- 
urement may be of greater clinical interest than the 
theoretically perfect total body sodium measurement. 

The “average intracellular” potassium concentra- 
tion, caleulated as shown in Table 2, is now seen to be 
significantly lower than the 1946 methods indicated. 
The same is true, though to a lesser extent, in the case 
of sodium. The calculation of intracellular components 
has the shortcoming imposed by the limitation of the 
particular method used for estimating the extracellu- 
lar fluid volume. The tracers for water and electrolytes 
penetrate into many “transcellular” areas such as 
spinal fluid, intestinal fluid, and glandular ducts, 
which are largely impermeable to the molecules used 
for extracellular fluid determinations. Therefore, the 
contents of these extracellular areas will be included 
in “intracellular” estimates. Although this source of 
error is large in determining absolute intracellular 
composition, relative changes should still be amenable 
to study by these methods. 
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Rates OF EXCHANGE 


As a contribution to these studies, the isotopes are 
yielding information on rate problems. This also is 
understandable in terms of our beaker analogy. If we 
drop a tiny amount of salt into the beaker and re- 
peatedly sample the water where the salt is added, 
we will find a rapidly decreasing concentration as the 
salt diffuses throughout the beaker. If the beaker is 
boiling, the salt will diffuse more rapidly; if it is 
frozen, more slowly. If there is a cellophane mem- 
brane in the middle of the beaker, the diffusion will 
proceed at a rate determined not only by thermal 
energy but also by membrane permeability, by chem- 
ical forces on the two sides of the membrane, and by 
the geometry of the system. Such factors do indeed 
influence the rate of change of isotope concentration 
in body fluids. For ease of consideration, isotope dis- 
appearance curves are considered to embody three 
phases: pre-equilibrium, equilibrium, and postequi- 
librium. 

The pre-equilibrium portion of the isotope disap- 
pearance curve has been analyzed in an attempt to 
gain insight into the internal exchange across rate- 
limiting boundaries for sodium, chloride, and water 
(41-43). The studies on water kinetics indicate an 
unexpectedly rapid rate of penetration of water across 
the capillary membrane. Indeed, in 30 seconds the 
injected D,O has reached a volume of dilution equal 
to, or larger than, the total extracellular fluid phase. 
The two rates evident in the distribution of heavy 
water from this time onward to equilibrium are ap- 
parently due to two widely separated mean velocities 
of penetration into cell areas (42). 

The equilibrium value is that used to calculate dilu- 
tion and the total exchangeable mass of the element 
in question (44). 

The postequilibrium rate of disappearance of the 
isotope is a function of “turnover” by the body of 
the naturally occurring element (45, 46). For in- 
stance, the elimination of deuterium from the body 
is a simple exponential function that may be ex- 
pressed as the “half-time” of water in the body (9-11 
days) or as “turnover” rate (3000 ml/day) (33). 
Plotted semilogarithmically, this fall in deuterium 
concentration becomes a straight line, the slope of 
which is determined by the total rate of water me- 
tabolism. Pathological processes produce interesting 
changes—for example, in thyroid disease. In thyro- 
toxicosis the slope is “steep,” and water turnover 
rapid (46). “Turnover rate” in the case of nonme- 
tabolized substances refers to exchange of the mole- 
cule between the organism and its environment. There 
is a class of molecules such as albumin, urea, etc., 
which is synthesized by the organism, and in these 
cases “turnover rate” is a function of metabolic ac- 
tivity (ie., internal production and degradation or 
excretion) rather than exchange between the organism 
and its environment. 

From tissue studies essential to establish the valid- 
ity of the dilution techniques has come much inter- 
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esting information about the physical state of body 
water and solutes, particularly the observation that 
about 55 per cent of the sodium in bone is “bound,” 
or “unexchangeable” (40, 47). It has also been ob- 
served that among the various body cell areas, the 
red cell is remarkably slow in its exchange of potas- 
sium, reaching equilibrium only after 60 hours (39, 
48). 
METABOLIC CORRELATIONS 


When body water measurement is supplemented by 
measurement of the metabolic balance, an accurate 
account of changes in body composition may be made. 
This is based on the interrelationship of fat, water, 
and lean tissue solids (fat-free solids). Pace (49) has 
shown that, when water content of the normal body 
is known, fat can be calculated from: 


% Fat = 100- (5) 
This is derived from the fact that lean tissue is 73 
per cent water, and that the body consists of water, 
lean tissue solids, and fat. 

Fat can be calculated from specific gravity, and 
such studies have been carried out by Behnke (50). 
The empirical formula is: 


5.548 
% Fat = 100 - (Seer 5.044) (6) 
Measurements of fat by this method correlate well 
with calculation of fat from total body water data 
obtained by deuterium dilution. 
Changes in lean tissue can further be measured by 
nitrogen balance on the basis that: 


AN x 30= A lean tissue. (7) 
Since lean tissue is 73 per cent water it follows that: 
AN x 21.9 = A lean tissue water. (8) 
AN x 8.1=A lean tissue solids.’ (9) 


As an example of the application of these methods, 
one or two recent case studies from our laboratories 
might be illustrative. Patient L. S., a 66-year-old man, 
suffered a very complicated course after subtotal gas- 
trectomy for polyploid antral gastritis. Over the 
course of 51 days he was fed largely by the intra- 
venous route and lost 7.0 kg. His body water only 
fell from 32.1 liters to 31.5 liters, indicating a rise 
in the water fraction from 48.3 per cent to 52.8 per 
eent of body weight. By application of the Pace 
formula (normal hydration being present at the start 
and end of the study), he lost about 6.0 kg of fat, 
the oxidation of which (at 9 cal/g) would contribute 
54,000 calories, or an average of 1080 calories/day to 
his nutrition. During one 13-day period of acute ill- 
ness this patient lost only 800 g of weight while in- 
creasing body water 1.8 liters. This indicates a loss 


®*This nitrogen coefficient (8.1) for lean tissue solids is 
representative of total lean tissue solids including bone, 
where a heavy salt component increases the weight of tissue 
solids per unit nitrogen over that found in soft tissues. More 
data from human tissues such as muscle, liver, lung, and 
kidney must be experimentally obtained to establish a valid 
nitrogen coefficient for use in the interpretation of short- 
term metabolic balance studies where soft tissue changes 
predominate. 


April 25, 1952 


of 2.6 kg of body solids. Metabolic balance demon- 
strated a loss of 44 g of nitrogen, representing 357 g 
of lean tissue solids. The remainder of the solid loss 
(2.2 kg) was therefore fat, utilized for energy at an 
average rate, during this acutely ill period, of 170 g 
(1530 eal) /day. 

The largest loss of fat we have studied was that of 
a very obese patient, Mrs. M. N., who lost 8.8 kg of 
body weight in 120 days, following the removal of a 
pancreatic islet-cell tumor with associated hyperinsul- 
inism. During this weight loss her body water changed 
only from 35.9 liters to 35.0 liters. This 900 ml of 
water would carry 0.3 kg of lean tissue solids, leav- 
ing 7.6 kg of her weight loss as fat. 

We have observed instances of change in lean tissue 
and in whole tissue, as well as in fat. An example of 
whole tissue gain is to be found in patient E. W., 
who recovered from severe thyrotoxicosis after treat- 
ment with radioiodine. She gained 12 kg during a 
6-month period. During this time her body water in- 
creased 4.6 liters, indicating a gain of 7.4 kg of 
solids. This much water would carry 1.7 kg of lean 
tissue solids, leaving 5.7 kg as the fat redeposited 
during recovery. 

As a further example, the unique problems of 
metabolism in the postoperative patient are being 
elucidated (51). After operation a patient loses 
weight and gains sodium; his nitrogen balance dis- 
closes loss of lean tissue inadequate to account for the 
weight loss. When total body water is also measured, 
one thereby determines the rate at which the patient 
utilizes fat for energy during his brief period of post- 
operative starvation. The metabolic response to sur- 
gery unfolds as a pattern of changing composition 
characterized chiefly by oxidation of fat, degradation 
of protein with excretion of nitrogen, loss of potas- 
sium, probably transfer of sodium into cells, and a 
tendency to increase body water. The endocrine deter- 
minants of this complex adaptation to trauma are 
now under study. 

Although difficult to apply to sick patients, the 
body specific gravity methods of Behnke and Pace 
(49, 50) have been of remarkable significance in elari- 
fying concepts of total body composition, particularly 
with reference to body fat, and in rounding out the 
data obtained with isotopes. Direct fat methods based 
on the dilution principle may become available on the 
basis of dilution of certain inert gases (52) soluble 
in fat. 

By no means the least important of the advances 
made has been the application of dilution principles 
in the elucidation of “pool” sizes for certain ions and 
organic molecules. The “labile iron pool” has been 
measured by Wintrobe (53). Sprinson and Rittenberg 
(54) developed a technique for estimating the rate 
of protein synthesis (or turnover) and the amount of 
amino acid nitrogen, using N** as the tracer. A similar 
study of Stetten’s group indicates the size of the uric 
acid “pool” and the uric acid turnover rate in the 
human, using N*°-labeled uric acid (55). Within a 
short time, studies by these principles of such im- 
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portant organic species as albumin, cholesterol, urea, 
thyroxine, ete., may confidently be expected to appear. 

The continuous support of this work, and the sup- 
ply of isotopes furnished to the several laboratories 
by the Atomic Energy Commission, have been grati- 
fying examples of the growth of basic biological in- 
formation under the sponsorship of our national 


atomic energy program. Over the long term, the 
growth of biological knowledge of this type, which 
leads to sound concepts and effective procedures in 
the care of sick patients, may be a more important 
outgrowth of isotope research in the medical sciences 
than the direct application of the isotopes themselves 
to patients as therapeutic or diagnostic devices (56). 
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News and Notes 


Scientists in the News 


E. D. Adrian, president of the Royal Society, has 
been elected master of Trinity College, Cambridge. 
He is also retiring from the chair of physiology in the 
university, a position he has held since 1937. He will 
be succeeded by B. H. C. Matthews, reader in experi- 
mental physiology in the university since 1946, and 
formerly head of the Physiological Laboratory at 
Farnborough, where he directed research in aviation 
medicine. 


E. C. Auchter, chairman of the Standing Committee 
on Crop Improvement in the Pacific Area, and presi- 
dent and director of the Pineapple Research Institute 
of Hawaii, has been awarded the Wilder Medal for 
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outstanding achievements in the science of horticulture. 
Awarded by the American Pomological Society, the 
medal has been given to only 18 persons in the U. S. 
and Canada in 80 years. 


Paul M. Cook, senior chemical and radiation en- 
gineer and technical director of several Stanford Re- 
search Institute projects for the AEC, will head the 
new radiation engineering staff. J. D. Graves, formerly 
assistant chief of the Physics Branch, Naval Radio- 
logical Defense Laboratory, has joined SRI as senior 
physicist in the Radiation Engineering Laboratory. 


Alfred Gellhorn, associate professor of medicine at 
the College of Physicians and Surgeons, Columbia 
University, has been appointed director of the Insti- 
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tute of Cancer Research. He succeeds Cushman D. 
Haagensen, who has resigned in order to conduct re- 
search and write a book on tumors of the breast. Dr. 
Gellhorn joined the staff of Columbia University in 
1943, becoming associate professor of pharmacology 
in 1946, and visiting physician and director of medical 
service at Francis Delafield Hospital in 1951. He be- 
eame associate professor of clinical cancer research 
in 1948. 


Jacob J. Golub has retired as medical director and 
executive vice president of the Hospital for Joint 
Diseases, New York. Dr. Golub joined the hospital in 
1929. The retiring director has been asked by the trus- 
tees to act as adviser and consultant to the new and 
future administrations. 


Claus F. Hinck, Jr., has been named acting dean 
of the New York University College of Dentistry. Dr. 
Hinck, professor of biochemistry, succeeds Walter H. 
Wright, who died last December. 


Zay Jeffries, E. K. Bolton, and J. R. Townsend have 
been appointed members of the recently formed Com- 
mittee on Materials of the Department of Defense 
Research and Development Board. Dr. Jeffries, of 
Pittsfield, Mass., a former vice president of General 
Electric Company, was recently named a vice chairman 
of the Minerals and Metals Advisory Board of the Na- 
tional Academy of Sciences. Dr. Bolton recently retired 
as chemical director of Du Pont. Mr. Townsend, ma- 
terials engineer for Bell Telephone Laboratories, has 
been serving the Office of Defense Mobilization as con- 
sultant to the director on conservation of materials 
since January of this year. H. F. Robertson, manager 
of development, Bakelite Corporation, has been named 
deputy chairman of the committee. 


Norman Jolliffe, director of the Bureau of Nutri- 
tion of the New York City Department of Health, has 
been named president of the National Vitamin Foun- 
dation, Inc. Dr. Jolliffe has been a member of the or- 
ganization’s scientific advisory committee and an 
honorary member of the Board of Governors. 


Theodore A. Kiesselbach is retiring after 43 years 
of research and teaching in agronomy at the Univer- 
sity of Nebraska. A dinner honoring Dr. and Mrs. 
Kiesselbach was given by their friends and associates 
at the university Mar. 12. H. D. Hughes, of Iowa 
State College, was guest speaker for the occasion. 


Tufts College Medical School has announced the 
appointment of W. Eugene Knox as associate professor 
of biochemistry. Dr. Knox will assume this post on 
July 1. 


Samuel Colville Lind, of the Oak Ridge National 
Laboratory, has been awarded the Priestley Medal. A 
former president of the ACS and dean emeritus of the 
University of Minnesota Institute of Technology, Dr. 
Lind is at Oak Ridge as a research consultant on the 
staff of Clark E. Center, general manager for the 
Carbide and Carbon Chemicals Company. He is act- 
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ing director of the laboratory’s chemistry division and 
also a director of the Oak Ridge Institute of Nuclear 
Studies. Presentation of the award will take place at 
the ACS fall meeting in Atlantic City, N. J. 


Theodore F. Lindgren, former director of visual edu- 
eation at Illinois Institute of Technology, is now as- 
sistant director of the American Osteopathic Fund. Mr. 
Lindgren became director of visual education at Illinois 
Tech in 1946, supervising the visual aids library and 
managing the motion picture program. 


John A. McCone, chairman of the board of the 
Pacific Far East Company, Los Angeles, and Robert 
C. Swain, vice president and director of research of 
the American Cyanamid Company, have been made 
members of the board of directors of Stanford Re- 
search Institute. 


John M. Miller and Robert M. Page have been ap- 
pointed to new research positions at the Naval Re- 
search Laboratory. Dr. Miller, who has been made 
scientific research administrator, will serve as the dep- 
uty director of research, responsible to the director 
of research, Edward O. Hulburt, for execution of the 
technical program of the laboratory and acting for 
the director of research in his absence. Dr. Page has 
been named associate to the director of research and 
will serve as consultant in electronics research and de- 
velopment, the position previously held by Dr. Miller. 


Rufus D. Smith, provost of New York University 
since 1934 and a member of the faculty for 37 years, 
will retire on July 1. Dr. Smith returned recently from 
Chulalongkorn University, Bangkok, where he taught 
political science for six months under a Fulbright visit- 
ing leetureship. Thomas Clark Pollock, dean of the 
Washington Square College of Arts and Science, 
who filled Dr. Smith’s post during his absence, will 
continue to serve as acting provost. Dr. Smith will 
act as special consultant to Henry T. Heald, chancellor, 
until his retirement. 


The Fourth Annual Honor Scroll Award of the New 
York Section of the American Institute of Chemists 
will be presented to Foster D. Snell, president of 
Foster D. Snell, Ine., consulting chemists. The Honor 
Seroll, given annually for outstanding contributions 
to the profession of chemistry, will be presented to Dr. 
Snell at New York, May 22. 


Andrew Thomson, of Toronto, controller of the 
Meteorological Division of the Federal Department 
of Transport, has been awarded the 1952 Gold Medal 
of the Professional Institute of the Publie Service of 
Canada, for his outstanding contribution to meteor- 
ology and to air transport in the polar area of Canada. 
Mr. Thomson has also played a major role in the crea- 
tion of the World Meteorological Organization as a 
specialized agency of the United Nations. 


The American Academy of Arts and Sciences at its 
March meeting presented its first award for outstand- 
ing teaching of science in the secondary schools of New 
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England to Elbert C. Weaver, of Phillips Academy, 
Andover, Mass., in recognition of his distinguished 
service in the classroom and of his nation-wide ac- 
tivities for the improvement of science instruction. 


A new fellowship established in the Department of 
Chemical Engineering at West Virginia University 
by the United States Stoneware Co., New York, has 
been awarded to Chin-Young Wen, of Taipeh, a grad- 
uate student. He will make a study of the absorption 
of tower packings used industrially to absorb either 
valuable or poisonous gases from air. Mr. Wen will 
work under the joint supervision of H. P. Simons, of 
the department, and Max Leva, of the Engineering 
Experiment Station. 


Education 


James S. Coles, acting dean of the College at 
Brown University, has been elected president of 
Bowdoin College to succeed Kenneth C. M. Sills, who 
will retire in October after 35 years of service. His 
appointment has resulted in other changes at Brown 
University. Barnaby C. Kenney, dean of the Graduate 
School, who has been on loan to the U. 8. government, 
will return to his regular post and will also assume 
the duties of acting dean of the college. Edward R. 
Durgin, USN, who will retire from the Navy on June 
30, will become dean of students. He has been pro- 
fessor of naval science since 1948. Westcott E. 8. 
Moulton will become associate dean of students. 


The new Allston Burr Lecture Hall at Harvard Uni- 
versity, which is equipped for the demonstration of 
scientific experiments before either large or small 
groups, opened Apr. 14 for classes in the General Edu- 
cation Program. The university’s collection of early 
scientific instruments—some of them used in teaching 
science before the American Revolution—will be dis- 
played in the new building. 


MIT will offer a special course July 14-22 on 
Aeroelasticity, under the direction of Raymond L. 
Bisplinghoff. Feedback Control Systems will be 
offered June 9-20, under the supervision of Donald 
P. Campbell; a program in Digital Computers and 
their Applications, July 21-Aug. 1, under the diree- 
tion of Jay W. Forrester and Charles W. Adams; and 
a course in Theory and Applications of Dielectric 
Materials, Sept. 3-12, under the direction of Arthur 
R. von Hippel. Inquiries should be addressed to 
Ernest H. Huntress, director of the Summer Session, 
Room 3-107, MIT, Cambridge 39. 


Appointments at the University of North Carolina 
School of Medicine include: professor of preventive 
medicine and assistant dean in charge of continuation 
education, W. P. Richardson; clinical professor of 
psychiatry, David A. Young; and the following as- 
sistant professors: Ernest Craige, Isaac M. Taylor, 
Jeffress G. Palmer, Richard M. Peters, Colin G. 
Thomas, Jr., John B. Hill, and Gabriel F. Tucker, 
Jr. Thomas B. Barnett has been appointed instructor 
in medicine. 


456 


North Dakota State College will hold its fifth Paint 
Short Course in its School of Chemical Technology 
June 9-20, under the direction of Wouter Bosch, 
chairman of the Department of Paints, Varnishes and 
Lacquers. The second Paint Refresher Course, for ad- 
vanced students and experienced workers, will be held 
June 30—July 12. This will consist of lectures, labora- 
tory sessions, five evenings of industrial movies, and 
a series of technical discussions led by eight specialists 
from the paint industry. 


St. Louis University, in reorganizing its chemistry 
program, has established a revised Institute for the 
Teaching of Chemistry, based on the results of a two- 
year study. The program comprises courses leading to 
the B.S. and M.S. in the teaching of chemistry and 
includes a summer course consisting of lectures, semi- 
nars, and workshops. Theodore A. Ashford, chairman 
of the ACS Committee on Tests, of the Division on 
Chemical Education, is director of the institute. 


Grants and Fellowships 


Celanese Corporation of America will finance two 
fellowships in mechanical engineering at Stevens In- 
stitute of Technology for the academic year 1952-53. 
Preference will be given to applicants who received 
their undergraduate degrees in chemical or textile 
engineering or engineering physics. 


In a continuation of a program begun last year, 
the Fund for the Advancement of Education has 
awarded fellowships to 221 men and 25 women teach- 
ers, representing 160 colleges and universities in 42 
states. This year’s grants total approximately $1,400,- 
000 and are part of the Ford Foundation’s program 
aimed at strengthening liberal education. 


An Industrial Relations Research Award will be 
presented at the September meetings of the American 
Psychological Association in Washington, D. C., to 
the person whose research is judged by a committee 
of five as the most valuable scientifie contribution to 
the understanding of labor-management relations. The 
award is sponsored by the Society for the Psychologi- 
eal Study of Social Issues. 


The Theobald Smith Award of $1000 and a bronze 
medal, sponsored by the Eli Lilly Company of Indi- 
anapolis under the auspices of the AAAS, will be 
given for the eighth time at the St. Louis meeting in 
December. The prize is given for “demonstrated re- 
search in the field of the medical sciences, taking into 
consideration independence of thought and original- 
ity.” Nominations should be sent to Gordon K. Moe, 
Department of Physiology, State University of New 
York Medical Center, Syracuse, before June 30. They 
should be in triplicate and accompanied by full in- 
formation concerning the nominee’s personality, 
training, and research work. U. S. citizens less than 
35 years of age on Jan. 1, 1952, are eligible. Nomina- 
tions may be made by AAAS Fellows, and the Presi- 
dent of the Association and four Fellows will form 
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the committee of award. The last winner was C. W. 
Lillehei, of the University of Minnesota. 


Tau Beta Pi Association, the national engineering 
honor society, has awarded five graduate fellowships 
for 1952-53, as follows: David R. Bennion (Stanford), 
James W. Gewartowski (Illinois Institute of Tech- 
nology), Arnold B. Peinado, Jr. (Johns Hopkins), 
George L. Stegemeier (Missouri School of Mines), and 
Herbert J. Vassian (University of Pennsylvania). 


U. S. Rubber Company has inaugurated a new five- 
year program of financial aid to science students in 
11 universities and has renewed for one year a fellow- 
ship in physies at the University of Virginia and in 
polymer physies at Notre Dame. Universities that have 
aecepted fellowships are: Caltech, Cornell, Harvard, 
MIT, Northwestern, University of California (Berke- 
ley and Los Angeles), and the universities of Chicago, 
Illinois, Minnesota, and Wisconsin. Stipends range 
from $2600 to $3000. 


_ In the Laboratories 


Bristol Laboratories, Syracuse, N. Y., have ap- 
pointed Charles C. Seott, of Chilcott Laboratories, 
medical director. 


Chemstrand Corporation has appointed C. W. Gay- 
ler technical superintendent, L. E. Dequine, Jr., plant 
engineer Louis F. Ray superintendent of intermedi- 
ates, and Paul W. Runge chief chemist at its new 
nylon plant north of Pensacola, Fla. The plant is 
being designed and built by Du Pont. 


Dupont has appointed Lawton A. Burrows general 
technical director of its Textile Fibers Department 
and has promoted Chiles E. Sparks to director of 
nylon research. James R. Kelly has been named plan- 
ning manager of the manufacturing division for 
Dacron. Matt Denning, manager of the Finishes Divi- 
sion, retired on Feb. 29, after more than 31 years of 
service. He has been succeeded by John W. Nestor. 
J. Raymond Buckley will become manager of a newly 
created Personnel and Industrial Relations Division 
of the Fabrics & Finishes Department; he will be 
succeeded in his present post as manager of the Fab- 
ries Division by Walter F. H. Mattlage. 


Arthur D. Little, Inc., has elected Allen Latham, 
Jr., vice president. Dr. Latham will continue as techni- 
eal director of the Mechanical Division. Thomas Bam- 
ford has joined the Technical Economie Survey 
Group, and William Glass and Frank Lane have 
joined the Operations Research Group. Other new 
staff members are Robert Lunn, Donald Noyes, and 
A. Burt Porter. 


National Dairy Research Laboratories, Oakdale, 
N. Y., have appointed Franklin W. Barber leader 
of the Division of Microbiology. 


The Public Health Service has established a Water 
Projects Section at Salt Lake City for the control of 
insects of public health significance associated with 
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the development of the nation’s water resources. 8. J. 
Ware is chief of the new section, which will operate 
within the Communicable Disease Center. 


Sharp & Dohme has added two new research asso- 
ciates to its staff: Normand E. Brindamour, who will 
work in pharmaceutical research; and Nicholas W. 


Solonen, formerly of General Aniline and Film Corpo- 
ration. 


Sterling-Winthrop Research Institute has appointed 
Lewis P. Albro research associate to its organic chem- 
istry staff, and Albert E. Buckpitt as research assistant 
in pharmaceutical research. 


Meetings and Elections 


The American Society of Tool Engineers, meeting 
in Chicago, elected Leslie B. Bellamy, of Cleveland 
Quarries Company, president for 1952-53, succeeding 
J. J. Demuth, of the National Production Authority. 
Robert F. Waindle, Joseph P. Crosby, and Harry B. 
Osborn, Jr., were named vice presidents, H. E. Collins 
was elected secretary, and Gerald A. Rogers assistant 
secretary-treasurer. Howard C. Millen was re-elected 
treasurer. 


The first annual meeting of the Building Research 
Institute, held Mar. 6 at the National Academy of 
Sciences, was attended by more than 50 persons repre- 
senting member-organizations and the Building Re- 
search Advisory Board. Norman P. Mason was elected 
president, R. E. Zimmer vice president, and William 
H. Schieck executive secretary. The new Board of Gov- 
ernors includes M. H. Baker, H. R. Dowswell, F. M. 
Hauserman, J. N. Krohne, H. A. Leedy, R. W. Me- 
Chesney, N. P. Mason, R. E. Zimmerman, W. Muir- 
head, and C. F. Rassweiler. William W. Rubey, chair- 
man of the National Research Council, and C. R. 
Soderberg, chairman of the NRC Division of Engi- 
neering and Industrial Research, are ex officio mem- 
bers. 


The seventeenth Cold Spring Harbor Symposium on 
Quantitative Biology will be held June 6-13. “The 
Neuron” will be discussed in 25 papers on such aspects 
as optical, ionic, and metabolic phenomena of active 
nerve; electrotonus and excitation; the peripheral ori- 
gins of nervous activity; activity of the neuron soma; 
the properties of dendrites; transmission at the neuro- 
muscular junction and at synapses of the invertebrate 
nervous system; sympathetic ganglia; and the central 
nervous system of vertebrates. Participants from 
abroad will include G. L. Brown and B. Katz (Lon- 
don); J. H. Burn (Oxford); A. L. Hodgkin (Cam- 
bridge); A. M. Monnier (Paris); C. G. Bernhard, 
B. Frankenhaeuser, C. R. Skoglund, and G. Svaetichin 
(Stockholm) ; and J. C. Eccles (Canberra). Attend- 
ance will be’limited to about 100. For program and 
further information, address Biological Laboratory, 
Cold Spring Harbor, N. Y. 


The second annual Conference of Mental Hospital 
Administrators and Statisticians, sponsored by the 
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National Institute of Mental Health, was held in 
Washington, D. C., Feb. 25-27. Conferees, represent- 
ing 11 states that are members of a Model Reporting 
Area for mental hospital statistics, reported on prog- 
ress made since the first conference, and presented 
papers dealing with statistical methodological prob- 
lems, the role of statistics and records in the mental 
health clinic programs, and the extent of the use of 
psychosurgery in the U. 8. Minimum standards for in- 
clusion in the Model Area are a central reporting sys- 
tem, professional statistical personnel, and adoption 
of the uniform definitions and annual preparation of 
the minimum number of basic tabulations as recom- 
mended by the Model Reporting Area. 


The Science-Technology Division: of the Special 
Libraries Association has organized an Institute on 
the Administration and Use of Technical Research Re- 
ports, to be held May 30-31 at the Statler Hotel, New 
York, during the annual convention of the association. 
Speakers representing government agency, university, 
and industrial libraries will attempt to answer basic 
questions concerning the thousands of scientifie and 
technical reports now being issued annually. 


The third International Congress of Electroencepha- 
lography and Clinical Neurophysiology, to be held Aug. 
18-21 in Boston, will feature general symposia on 
such subjects as epilepsy and other nervous and 
mental diseases, in addition to a large number of 
individual presentations. The American Branch of the 
League against Epilepsy will meet in Boston at the 
same time. 


The National Health Council named Mrs. Oswald 
B. Lord president and Robin C. Buerki, executive 
director of Henry Ford Hospital, Detroit, president- 
elect at its annual meeting in New York in March. 


The Pennsylvania Academy of Science has named 
Edward P. Claus president and Elmer C. Herber, 
president-elect. R. C. Stephenson and Helen Cherry 
have been elected vice presidents, and Harry K. Lane 
secretary-treasurer. The Junior Academy, meeting at 
the same time, awarded prizes to Theodore Sky, of 
Altoona High School, Doris Williams, of Taylor Aller- 
dice High School, Pittsburgh, and Jackson Locher, 
of Johnstown High School, for scientific papers in 
various fields. 


The new Société Belge de Biochimie (founded Sept. 
15, 1951) held its first general meeting in Brussels on 
Jan. 12. M. Florkin was named president. Headquar- 
ters of the secretary, Claude Liébecq, are at 17, Place 
Deleour, Liége. 


A Symposium on the Dynamics of Growth Processes 
will be held at Williams College, June 25-29, under 
the joint sponsorship of the Committee.on Develop- 
mental Biology of the National Research Council and 
the Society for the Study of Development and Growth. 
Grants from the committee, the American Cancer 
Society, and the National Cancer Institute will finance 
the program. 
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Miscellaneous 


The American Mathematical Society has sold its 
library, consisting of between thirteen and fourteen 
thousand bound volumes, to the University of Georgia. 
The university is continuing the entire exchange list 
of the society and expects to be able to keep the col- 
lection of American and foreign dissertations up to 
date. Department chairmen are urged to report the 
names of all persons who take the Ph.D. to the li- 
brarian at Athens so that copies of all dissertations 
may be added to the present extensive list. 


A new biography of Spencer Fullerton Baird, second 


secretary of the Smithsonian Institution (1878-87), | 


is being prepared by E. C. Herber, of Dickinson 
College, Carlisle, Pa. He will welcome correspond- 
ence with anyone able to furnish original material. 


The Corps of Engineers Climatic Field Test Team, 
at the Desert Test Station, Yuma, Ariz., has entered 
on the second phase of its project. Currently, the 


effects of dust on Army equipment are being studied. | 


A year-round project is the study of methods of elassi- 
fying types of soil in and around Yuma for correla- 
tion with other projects in the pioneer construction of 
roads in deserts. The various tests will continue into 
next winter. 


The National Research Council of Canada has 
turned over the operation of the Chalk River atomic 
energy project to a new company, Atomic Energy 
of Canada Limited. C. J. Mackenzie, president of 
the Atomic Energy Control Board and of the NRC, 
will be head of the new company. Dr. Mackenzie re- 
signed as president of the council to assume his new 
post, but will continue to be a member of the 
Honorary Advisory Council for Scientific and In- 
dustrial Research. 


New journals recently received include: Acta Phyto- 
therapeutica (monthly from Amsterdam), for the 
publication of scientific articles on drugs derived from 
plants. American collaborators are Ralph H. Cheney, 
George M. Hocking, H. W. Youngken, and H. W. 
Youngken, Jr. A quarterly supplement to the Philo- 
sophical Magazine, with the same editor and editorial 
board, has been named Advances in Physics and will 
be devoted to review articles (£2 15s. per year, in- 
cluding postage.) A new bimonthly is the American 
Journal of Physical Medicine, of which Harry D. 
Bouman, University of Wisconsin Medical School, is 
editor. Applied Statistics, to be issued three times a 
year, will be published by the Royal Statistical Society 
(Edinburgh) and edited by L. H. C. Tippett. ($4 per 
annum, post-free.) The Society of Systematic Zoology 
is launching a new quarterly journal—Systematic 
Zoology—this spring. Subscription rates are $4.00 to 
members, $7.00 to nonmembers and institutions, with 
a discount of $1.00 to the latter for payment with 
order and without invoices or bills. Correspondence 
should be addressed to the secretary, R. E. Black- 
welder, Room 429, U. S. National Museum, Washing- 
ton 25, D. C. 
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Technical Papers 


Observations on the Supposed Intracellular 
Symbiotic Microorganisms of Aphids 


U. N. Lanham* 


Department of Zoology, 
University of Michigan, Ann Arbor 


All aphids, except very old ones, contain numerous 
large cells in the body cavity (mycetocytes) contain- 
ing many more or less spherical intracellular particles 
(Fig. 1). The present consensus regarding these in- 


Fic. 1. Ruptured “host” cell with cell particulates; from 


potato aphid. Stained with Giemsa, 


without preliminary 
hydrolysis. 


tracellular particles is that they are microorganisms; 
as given in detail by Steinhaus (1) they have been 
put in the yeast genera Saccharomyces and Aphido- 
myces, or have been considered to be bacteriumlike 
microorganisms. Peklo (2) thought they might be 
Azotobacter. If the particles are microorganisms, their 
universal and massive occurrence in aphids suggests 
that they play some beneficial role in the economy of 
the aphid; i.e., they are probably symbiotes. In 
conformity with Peklo’s suggestion that they were 
azotobacters, Toth (3) has claimed that symbiotic 
microorganisms in aphids fix atmospheric nitrogen. 
Smith (4), however, has repeated some of Toth’s 
experiments with negative results. Smith also fed 
aphids in an atmosphere containing isotopic nitrogen 
and was unable to demonstrate nitrogen uptake. 
The aphid particles are well suited in some respects 
for electron microscopy, since they flatten out into 
thin disks when air-dried. Electron micrograms of 
particles from the potato aphid (Macrosiphum solani- 
folii), made in the course of the present investigation, 
revealed electron-absorbing material present inside 
many of the particles in varying degrees of aggrega- 
tion (Fig. 2). Owing chiefly to the fact that the parti- 


2A part of this investigation was carried out at the Hop- 
kins Marine Station, Pacific Grove, Calif., under a Faculty 
Research Fellowship from the University of Michigan. 
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cles flatten out so completely, the micrograms re- 
semble those of neither yeasts nor bacteria, at least 
when these are air-dried, with no special preliminary 
treatment. When observed with phase contrast 
microscopy, the particles can be seen to contain small 
granules evenly dispersed in a relatively dense cortex 
that prohibits Brownian movement of the granules. 
Nothing resembling the aggregates visible in the 
electron micrograms was seen in fresh material with 
phase contrast, suggesting that they might be arti- 
facts produced by internal dissolution and drying of 
the particles. 

At first sight, the conclusion seems inescapable that 
the intracellular particles increase in number by a 
process of division. They often occur in doublets, ap- 
parently in all stages of separation, and in slightly 
elongate forms that could be interpreted as stages 
preliminary to doublet formation. In preparations 
stained with Giemsa (without preliminary hydrolysis) 
there is no gradation in size indefinitely downward; 
the smallest particles are about one third the size of 
the largest (which are up to 3 or 4 » in diam). This 
would seem to preclude the possibility that the parti- 
cles arise by growth from submicroscopie precursors. 
However, if fresh material be examined with phase 
microscopy, smaller particles can be seen, although 
they seem to differ from the larger ones in having 
their shape determined by surface phenomena (i.e., 
they are perfect spheres) rather than by a more or 
less rigid cortex. It is conceivable that the smaller 
particles could develop into the large microbelike 
particles, attaining their cortex and staining qualities 
only at a certain stage of growth, and also that two 
growth centers could be associated early in develop- 
ment, producing a doublet; there is no direct evi- 
dence supporting these possibilities, however. 

In recent years, it has been possible to demonstrate 
desoxyribonucleie acid (DNA) -containing particles in 
bacteria, using a variety of stains following hydroly- 


Fie. 2. Electron microgram of cell particulates from potato 
aphid. Lightly shadowed with uranium. 
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sis of the cells with 1 M HCl at 60° C for 10 min. 
In the present investigation, attempts to demonstrate 
DNA in the aphid particles, using similar methods, 
failed to do so (several species of aphids were used, 
including the potato aphid and the cabbage aphid, 
Brevicoryne brassicae). Smears of whole aphids, and 
isolated “host” cells, which were broken open to 
allow the particles to escape, were used; it is impor- 
tant that the staining reaction of isolated particles 
be studied, rather than that of blocks of intact cyto- 
plasm containing the particles massed closely to- 
gether. Nuclei of aphid cells, and microorganisms 
such as Saccharomyces and Azotobacter, were sub- 
jected to the same treatment as the particles, often on 
the same slide, and always in the same hydrolyzing 
and staining jars; in contrast to the particles, the 
nuclei and microorganisms showed a strong and rec- 
ognizably similar staining reaction to Giemsa after 
acid hydrolysis. The intracellular particles do take 
up Giemsa, especially after long overstaining, but 
to a very much less degree than either cell nuclei 
or test microorganisms. With Feulgen no stain was 
taken up by the particles after acid hydrolysis. These 
results lead to the conclusion that the aphid particles 
lack DNA, and that they are not microorganisms, but 
are cell particulates. 

Similar investigations are under way on the sup- 
posed intracellular symbiotes of cockroaches. 
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Determination of Specific Activities of 
C**-Labeled Organic Compounds with 
a Water-Soluble Liquid Scintillator 


Earle C. Farmer and Irving A. Berstein 


Departments of Physics and Chemistry, 
Tracerlab, Inc., Boston, Massachusetts 


Recently results have been reported (1) on the 
counting of C**-labeled organic materials by dissolv- 
ing them in a liquid scintillator—namely, terphenyl- 
xylene solution. Such a technique for measurement 
of radioactivity provides essentially ideal geometrical 
conditions. 

Our communication describes measurements thus 
far obtained employing a liquid scintillator suitable 
for both organic and water-soluble materials and an 
experimental arrangement that permits high count- 
ing efficiency. 

The solution employed was p-dioxane saturated 
with p-terphenyl (approximately 44% by weight). 
Its scintillating properties under external radiation 
were first reported by Kallmann (2), and the pos- 
sibility of using this combination was also recognized 
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by Raben and Bloembergen. In all our measurements, 
aliquots of aqueous solutions of C'*-labeled com- 
pounds were added to the scintillator. All data re- 
ported were taken on terphenyl-dioxane solutions con- 
taining 5% water. Preliminary results indicated that 
the extrapolated counting efficiency was not decreased 
with concentration of water as high as 20%, although 
there was an appreciable reduction in pulse height. 

The solutions were placed in flat-bottom glass vials 
of 1 in. diameter in contact with the photocathode 
window of an EMI?! Type 5311 photomultiplier tube. 
Good optical coupling was insured by cementing the 


vial to the face of the photomultiplier tube and | 


cementing aluminum foil to the remainder of the vial 
with a Dow-Corning grease. Both solution cell and 
photomultiplier tube were enclosed in a light-tight 
container. The output pulses from the EMI tube were 
fed into a conventional linear amplifier with a resolv- 
ing time of .25 usec and then into a scaler circuit. 
All measurements were taken with the entire system 
at room temperature. 

The results obtained thus far are summarized in 
Table 1. The combustion analyses were performed by 


TABLE 1 


CouNTING oF SEVERAL WATER SOLUTIONS oF C™-LABELED 
ORGANIC CoMPOUNDS USING A TERPHENYL- 
DIOXANE SCINTILLATOR 


| 
OES 
28 & 
Compound os og 
ss 
2% 
os s= 
Citric acid 2100 1800 58 
Acetylcholine bromide 4900 3700 60 
Aniline hydrochloride 2900 2500 55 
Sodium acetate 7900 7000 65 
Mannonie lactone 440 400 54 


the Organic Analytical Group of Tracerlab. The 
method of Van Slyke and Folch (3) was used for the 
combustion, and the carbon dioxide generated was 
counted in an ionization chamber with a Lindeman- 
Ryerson electrometer (4). The scintillation measure- 
ments were taken in the form of integral bias curves 
with the photomultiplier tube at a fixed voltage 
(H.V.=1300 v). The reported counting rates were 
obtained by extrapolating the integral bias curves to 
zero pulse height. In Table 1, the average pulse 
heights were found by integrating the area under 
the integral bias curves and dividing by the extra- 
polated counting rate. Here the average pulse height 
values are also useful as a cross check on the extra- 
polated counting efficiency. An external source of Sr®° 
at 25 em from the scintillators was used as a standard 
for each solution. Assuming the average energy of the 


1B. M. I. Research Laboratories, Ltd., Middlesex, Eng. 
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betas from Sr® spent in the solution to be 600 kev, 
the relative pulse heights given in the table are di- 
rectly expressible in kev. The average energy for the 
C* B-particles as determined from our measurements 
is 58+7 kev. This is in reasonable agreement with a 
value of 52 kev calculated from the relationship 
1/3 Emax (5). 

Although the background at low pulse height set- 
tings was large, a sample as low as 200 eps was read- 
ily measured. The efficiency in all cases is seen to be 
high (75-90%) and could probably be improved by 
refinements in the experimental system. 

The above results indicate that the method affords 
high counting efficiency, a rapid determination of 
specific activities, and a relative check on B-particle 
energy. Work is in progress on both inorganic and 
organic compounds containing other B- and a-emitters 
using water-soluble, liquid scintillators. 
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Survival and Growth of Human Tissues 
Transplanted to Hamster Cheek Pouch* 


H. M. Lemon, B. R. Lutz, R. Pope, L. Parsons, 
A. H. Handler, and D. I. Patt? 

Departments of Medicine and Gynecology, 

Boston University School of Medicine, 

Evans Memorial and Massachusetts Memorial Hospitals, 
and Department of Biology, 

Boston University, Boston, Massachusetts 


Investigation of the mechanisms of tumor growth 
and metastasis has been hampered by the lack of 
suitable methods of isolation and subeultivation of 
human neoplastic cells. An ideal method for tissue 
transplantation would be selective for cancer tissue 
similar to the anterior chamber technique of Greene 
(1), capable of repeated microscopic observation and 
biopsy without sacrifice of the entire preparation, 
and, in addition, applicable to unsterile surface tis- 
sues and secretions. The cheek pouch of the golden 
hamster (Mesocricetus auratus) has been shown to 
be an excellent receptor site for transplants of in- 
duced homologous sarcomas, permitting quantitative 
measurements of growth rates, microscopic study of 
vascularization, and the maintenance by serial pas- 
sage of the neoplasm (2). Further work has shown 

17These studies have been supported in part by research 
grants from the Massachusetts Division, American Cancer 


Society, and the National Cancer Institute, National Insti- 
tutes of Health, USPHS. 


2With the technical assistance of EB. F. Lambert and R. 
Nadel. 
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that heterospecific malignant tumors such as sarcoma 
180 and a spontaneous frog renal adenocarcinoma 
behave similarly when transplanted to the hamster 
cheek pouch (2). 

Extension of this technique to human tumors there- 
fore seemed possible, using material obtained at op- 
eration. Whenever feasible, homologous nonneoplastie 
tissues were transplanted simultaneously, along with 
the marginal portions of carcinomas or sarcomas. 
Transplants were carried out within 11% to 24 hr of 
obtaining specimens, which were refrigerated and 
kept moist during the interval. Sterile technique was 
not used. The hamsters were obtained from a com- 
mercial source, were unselected as to sex, and weighed 
between 60 and 100 g. Intraperitoneal Nembutal 15 
g/kg body weight was used for anesthesia. After the 
animal was well relaxed, either cheek pouch was 
everted and pinned to a suitable rubber or wax plat- 
form. A 1-2 mm incision was made with iris scissors 
into the superior surface, avoiding major blood ves- 
sels, and tissue blocks 0.5-1.0 mm! in size were thrust 
between the epithelial layers of the cheek pouch by 
means of a small forceps. It is important to trauma- 
tize the tissue about the explant as little as possible 
at this stage, and there should be the least possible 
delay between preparation of the explant and its in- 
sertion into the hamster cheek pouch. Following 
transplantation, the animals were allowed to recover 
from anesthesia. The cheek pouch incisions healed 
spontaneously without suppuration in 95% of the 
cases. Four or more cheek transplants were usually 
made from a single source of tissue. 

Serial observations were made at intervals of a 
few days, using light reflected from, and transmitted 
through, the pouch. The size, appearance, and vascu- 
larity of the explants were noted by means of a dis- 
secting microscope with optical micrometer, at x 18 
magnification. The pouches were biopsied at intervals 
of 1-74 days. This was done by ligating with a single 
silk ligature the base of the everted cheek pouch 
which had been pinned to a small cork block, and re- 
secting the entire pouch just distal to the ligature. 
For subtransplantation, part of the explant was ex- 
cised and transferred to a new cheek pouch. 

Tissues from 50 cancer patients have now been 
transplanted in this manner. The transplant appears 
as a small semitranslucent nodule, persistent for 7-10 
days, with a twofold increase in area in this period. 
Some increase in vascularization occurs, and persists 
if complete regression does not take place. After 7-10 
days, regressing transplants become smaller and less 
well defined, usually being completely absorbed by 
14-21 days. In about one third of all transplants, 
white or yellowish nodules 1.5-3.0 mm in diameter 
remain longer, marking the site of a granulomatous 
reaction about a nidus of persisting human cells, or 
products thereof. The results of transplantation of 
tissues from various sources are summarized in Table 
1, together with the duration of human tissues identi- 
fied by serial sections of the excised cheek pouches. 

It is readily apparent from this table that non- 
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TABLE 1 
RESULTS OF TRANSPLANTATION OF HUMAN TISSUES INTO HAMSTER CHEEK POUCH 


Type of tissue 


A 


B 


Cc 


Immediate regression 
within 7-10 days 


Residual human tissue pres- 
ent in one or more cheek 
pouches, and time interval 
to biopsy 


Persistent human tissue show- 


ing mitotic activity, and 
time interval until biopsy 


Normal (mostly ob- 
tained from patients 
with cancer else- 
where) 


Ovary (2 patients) 
Lymph nodes (4 patients) 
Bronchial epithelium 

(2 patients) 
Colon mucosa (3 patients) 
Squamous epithelium 


Renal tubules after 42 days 

Testis after 26 days 

Bone marrow after 4 days 

Endometrium (patient Sm.) 
after 21 days 

Colon mucosa after 1 day 


(2 patients) 
Smooth muscle (2 patients) 
Endometrium (patient Sm.) 
Gastric mucosa 
Rectal mucosa (2 patients) 
Striate muscle 
Adipose tissue 


Benign tumors Hamartoma of lung 

Hemangioendothelioma of 
lung 

Leiomyoma of uterus 

Tuberculous lymphadenitis 
(2 patients) 


Malignant neoplasms Epidermoid carcinoma of 
(primary tumor used cervix (7 patients) 
as source, except for Bronchogenic epidermoid 
neoplasms accom- carcinoma (2 patients) 
panied by,* which Adenocarcinoma of colon 
were obtained from (4 patients) 
metastases) Adenocarcinoma of 
endometrium (2 patients) 
Poorly differentiated 
adenocarcinoma of 
breast (patient E. O.) 
Adenocarcinoma of rectum 
Adenocarcinoma of prostate 
Adenocarcinoma of ovary* 
Hodgkin’s granuloma 
Malignant hemangioma 
(Kaposi sarcoma) * 
Adenocarcinoma of stomach 
Bone marrow of chronic 
myelogenous leukemia 


Epidermoid carcinoma of 
cervix (patient Bar., 


Adenocarcinoma of endo- 
metrium (patient Sm.) 


Fibrosarcoma of lung after 
Mesothelioma of lung after 


Adenocarcinoma of breast 


Chronic cystic mastitis 


(patient E. O.) after 
14-74 days 


Thyroid adenoma after 


21 days 


Endocervical polyp after 


11 days 


Lipofibromyxosarcoma after 
17 days 


1950) after 14 days Epidermoid carcinoma of 


Epidermoid carcinoma of cervix: 
cervix (patient Zam.) 


(patient Bar., 1951) 

9, 9 days* 
(patient Leon.) 

after 14 days 
(patient Sha.) 

after 15 days* 
(patient Ohl.) 

after 19 days 
(patient Gra.) 

after 23 days* 
after 4, 13, 15, and 25 days Adenocarcinoma of ovary 
after 6 days* 


after 36 days* 


after 21 days 
17 days 


11 days 


malignant human tissues in no instance revealed any 
definite evidence of growth in the cheek pouch, al- 
though persistence for surprisingly long periods of 74 
days was noted (Fig. 1 and Table 1, Cols. A, B). In 
many eases of persistence, the explanted normal or 
cancerous cells become initially embedded in an 
eosinophilic material resembling fibrin, with the 
phloxine-methylene blue staining method used. A 
marked mononuclear infiltration took place in some 
of these, with proliferation of hamster fibroblasts and 
giant cells about the foreign material. The residual 
surviving 11ormal human cells often presented a pale, 
washed-oui; appearance, with basophilia persisting 
only in the nucleolus. They were slightly smaller in 
size than those in the original specimen and showed 
no mitotic figures. In a few instances, notably in an 
explant of chronic cystic mastitis taken from an unin- 
volved portion of a very poorly differentiated adeno- 
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carcinoma of the breast, cellular morphology and dif- 
ferentiation were well preserved (Fig. 1). The 
absence of leucocytic or fibroblastic reaction about this 
transplant at this time is also noteworthy. 

Evidence of mitotic activity was noted in one sar- 
coma, one adenocarcinoma, and five epidermoid ear- 
cinomas, which persisted in the hamster cheek pouch 
(Fig. 2 and Table 1, Col. C). Subtransplantation 
prior to the onset of regression has provided con- 
tinued evidence of growth of the lipofibromyxosar- 
coma to many times the original volume over a period 
of 8 months (Figs. 3, 4), and additional human neo- 
plasms show promise of doing the same (4). 

In the transplants showing mitotic activity, the 
basophilia and morphology of the tumor cells are well 
preserved. Histologic evidence of viable tumor tissue 
containing multiple mitoses was noted in conjunction 
with a striking absence of any cellular response on 
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F's. 1. Chronic cystic mastitis: Left, original specimen; right, persistent breast epithelium 74 days after transplanta- 


tion. Hamster buccal mucosa at right. x 550. 


Fic. 2. Transplant of epidermoid carcinoma of cervix 


metastatic to rectovaginal septum (patient Gra.) biopsied 
after 23 days. Final dimensions, 1.51.5 mm in diam. Note 
mitoses and absence of granulomatous reaction in adjacent 
hamster connective tissue. Hamster buccal mucosa at top. 
x 500. 


April 25, 1952 


the part of the host in a few instances, indicating the 
likelihood of prolonged growth in some of the trans- 
plants sacrificed for biopsy. It is of interest that one 
epidermoid carcinoma of the cervix (Patient Bar.), 
which failed to continue mitotic activity when trans- 
planted from the original tumor at the time of a 
Wertheim operation, showed very definite reproduc- 
tion in a second transplant one year later, obtained 
from a vaginal recurrence (Table 1). Four of the 
seven transplants showing mitoses were obtained 
from metastatic carcinomas. 


Fic. 8. Transplant of lipofibromyxosarcoma after 26 days 
in hamster cheek pouch ; 10 x 10 x10 mm in size. x 2. 
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Fic. 4. Lipofibromyxosarcoma transplant: Left, section of original tumor; right, biopsy of 17-day-old cheek pouch trans- 


plant. x 550. 


The ease of repeated gross and microscopic ex- 
mination of the hamster cheek pouch, the resistance 
toward bacterial infection that it manifests, and the 
rich vascularity of this membrane, permitting pro- 
longed survival of heterologous tissues, are particu- 
larly advantageous for the attempt to adapt human 
neoplasms to subeultivation in this alien environment. 
Biopsy of the larger nodules can be carried out with- 
out sacrifice of the continuity of growth of the speci- 
men. The presence of mitotie figures only in trans- 
planted carcinomas and sarcomas, and the failure to 
note any mitoses in transplants of nonneoplastic tis- 
sues persisting for an equal period of time, tend to 
confirm the conclusions of Greene concerning growth 
of heterospecific transplants as a biological evidence 
of neoplastic potentiality (7). Nonmalignant human 
tissues transplanted to the anterior chamber of the 
eye of alien species have been shown to survive for 
weeks or months, active proliferation being absent 
in nearly all instances (5,6). The percentage of 
malignant human tumors that have been successfully 
transplanted to the anterior chamber of the eye 
has been disappointingly small in the experience of 
most workers, and the hazard of infection has always 
been present (6-12). Transplants of metastatic neo- 
plasms, however, have generally proved more likely 
to develop mitotic activity in heterologous hosts than 
those obtained from cancers prior to dissemination 
(13,14). The unpredictable results of all methods of 
heterospecific transplantation of human tumors with 
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ultimate regression of even the most successful ex- 
plants are not surprising in viéw of the wide species 
differences in protein structure and function, the 
variable and often slow rates of growth clinically 
manifest by carcinomas, and the frequency of 
necrosis and fibrosis in the tumor, rendering quite 
difficult the selection of viable inocula. 

In spite of these difficulties, the present investi- 
gation has indicated the likelihood that some human 
carcinomas and sarcomas will ultimately become 
adapted to continued growth in the hamster cheek 
pouch. Important information concerning the chemi- 
eal dynamics of neoplastic growth would be antici- 
pated from such hamster-adapted tumors, and further 
definition of the factors contributing to the survival 
and growth of human tumors in the hamster buccal 
mucosa is being actively pursued in these laboratories. 
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Sedimentation and Flexibility of Sodium 
Thymonucleate Molecule 


Sadhan Basu’ 


Indian Association for the Cultivation of Science, 
Calcutta 


In a previous communication (1) it was shown that 
the peculiar viscosity behavior of solutions of sodium 
thymonucleate at different concentrations and in the 
presence of different amounts of salts could be ex- 
plained by the folding-unfolding of flexible high 
molecular chains in solution. It may be argued that 
if increasing extension of a chain molecule with in- 
creasing extent of dissociation of its sodium salt be 
responsible for higher reduced viscosity in dilute 
solution, then this effect will be reflected in all other 
properties of such solutions—namely, sedimentation, 
diffusion, ete-—where the movement of hydrodynami- 
eal volume of the dissolved units plays the deciding 
role. In fact, it has been found by Tennent and Vil- 
brandt (2) that the sedimentation constant (S) of 
sodium thymonucleate increases with diminishing con- 
centration of the solute (Table 1). 


TABLE 1 


SEDIMENTATION CONSTANT OF SopruM THYMONUCLEATE 
In SOLUTION* 


Cone d(1/8)/dC 
(g/100 ml) 8 1/8 ork 
0.290 6.4 0.156 0.26 
190 73 136 '36 
100 9.4 106 46 
060 12.0 "083 0.58 
050 13.0 ‘076 ins 
040 14.0 071 0.66 
0.025 17.0 0.058 0.90 


* Results in the first two columns have been taken from 
Tennent and Vilbrandt’s (2) data for sodium thymonucleate 
of 580,000 molecular weight. 


This type of behavior has also been noted for 
various other high molecular weight substances for 
which Burgers (3) has deduced an equation 


S=8,(1+KC)+ 
or S,/S = 1+ KC (where S, = where C= 0) 


and found that for a large number of substances the 
plot of 1/S vs C curves is linear, the slope of which 
gives the value of K, which is taken as constant for a 
particular solvent-solute system. When Tennent and 


1 Present address: Department of Chemistry, Indiana Uni- 
versity, Bloomington. 
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Vilbrandt’s data were plotted as 1/S vs C (Fig. 1a) 
the graphs obtained were not linear, being strongly 
concave toward the C-axis. If K, in the above equa- 
tion, instead of remaining constant, also varies with 
concentration, this type of behavior is expected, and 
in that case the value of K at each concentration may 
be obtained from the tangent drawn at the corre- 
sponding points in the curve in Fig. 1 a. The results 
are given in the last column of Table 1. When this 
value of K is plotted against the corresponding con- 
centrations a curve (Fig. 1b) similar to nsp/C vs C 
is obtained—i.e., a rapid rise in K value with dilution. 
It has recently been shown by Newman and Eirich 
(4) from the sedimentation measurements of a solu- 
tion of polystyrene in chloroform, toluene, and 
methyl ethyl ketone that 1/S vs C curves were more 
or less linear in all the three solvents, although the 
slope of each curve was different, in the order 
*chloroform>*toluene>*MEK. Kirkwood and Rise- 
man (5) have shown that the extent of stretching 
(EZ) of the polystyrene molecule in solution is in the 
order *chloroform>*toluene>"MEK. From these 
results Newman and Eirich (4) concluded that the 
increase in K value in the sedimentation experiment 
is due to the increase in the extent of stretching of 
the polystyrene molecule in different solutions. 
Taking the cue from these observations it may be 
concluded that the increase in K value with diminish- 
ing concentration of thymonucleate in solution is due 
to the increase in the extent of stretching of the 
flexible chain of thymonucleate molecule, a conclusion 
that has also been arrived at from completely inde- 
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pendent sets of measurements—namely, viscosity. 

Recently Fessler and Ogston (6) have shown that 
the 1/S vs C eurve for sodium thymonucleate solution 
in presence of about 2% sodium chloride is linear, 
with positive slope over a considerable range of con- 
centrations. This evidently follows from: the state- 
ment made in the previous note (1) as to the complete 
suppression of dissociation of sodium thymonucleate 
molecules in the presence of excess of sodium chloride, 
with the consequent assumption of an average 
coiled-up structure by the thymonucleate molecules 
in solution. 
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Variation in Coloring Rates of Tobacco* 


J. A. Weybrew and Paul E. Green, Jr.? 


North Carolina Agricultural Experiment Station, 
Raleigh 


One of the more dramatic changes that take place 
during the flue-curing of tobacco is the transformation 
of the field-green leaf to the bright-orange or yellow 
tobacco of commerce. This color change comes about 
through the enzymatic destruction of chlorophyll and 
results in the unmasking of the yellow carotenoids 
that are already present. Under the conditions pre- 
vailing in the curing barn, coloring, as this phase of 
the process is called, is accomplished during the first 
36-60 hr of the curing sequence, depending on 
weather conditions and the stalk positions harvested. 

The progress of the development of the yellow color 
serves as the basis for advancing the temperature and 
ventilation schedule. The operator periodically ex- 
amines the tobacco as it hangs in the curing barn. 
There in the half-light he estimates the average stage 
of the destruction of chlorophyll and adjusts the en- 
vironment accordingly. 

Because of the importance necessarily attached to 
this color transition as an indicator of curing prog- 
ress, it seemed expedient to examine the changes in 
the reflectance spectra of tobacco leaves undergoing 
yellowing, with the ultimate aim of devising an in- 
strument to replace the human eye for this critical 
evaluation. The reflectance spectra of tobacco during 
progressive yellowing are shown in Fig. 1. Fig. 2 

2 Contribution of the North Carolina Agricultural Experi- 


ment Station and published as Paper No. 384 of the Journal 
Series. 

2Formerly assistant professor of agricultural engineering 
and now research assistant, Massachusetts Institute of Tech- 
nology. 
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Fic, 1. Changes in the reflectance spectra of tobacco dur- 
ing the early stages of curing ; Curve 1, mature leaf at prim- 
ing; Curves 2, 3, 4, progressively yellower leaves; Curve 5, 
fully yellowed leaf. (Tracings made with a GE Recording 
Reflectometer, courtesy Sidney Blumenthal Company, Rocky 
Mount, N. C.) The broken curve gives the transmittancy 
characteristics of the filter used in the Yellowmeter. 


shows the resulting portable reflectometer* being used 
to measure yellowness. This “Yellowmeter” registers 
increasing yellowness positively, whereas it actually 
measures the decreasing absorption of chlorophyll 
at 680 mp wavelength. Light from 2 flashlight bulbs 
on either side of the instrument is reflected by the 
leaf in position under the lid and is received by a 
phototube. An electrometer circuit amplifies the 
phototube current so that it can be measured with a 
microammeter. An interference filter over the photo- 
cell transmits only the wavelengths in the red region 


Fie, 2. Measuring reflectance of tobacco in the curing barn 
with the Yellowmeter. 


*Instrument developed cooperatively by North Carolina 
Agricultural Experiment Station and Division of Farm Blec- 
trification, U. 8S. Department of Agriculture. 
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of chlorophyll absorption (Fig. 1). In use the instru- 
ment is calibrated by adjusting the light intensity to 
give full-scale deflection for an arbitrary white 
standard. (For convenience, the standard used here 
was an ordinary glazed white file card taped to the 
underside of the lid.) Subsequently, when measuring 
tobacco, the reflectance of the leaf, relative to the 
standard, registers directly. 


7% 
20 
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425 480 «©8000 800 1000 
WAVELENGTH IN MILLIMICRONS 

Fic. 3. Changes in the reflectance spectra of tobacco dur- 
ing ripening: Curve 1 is an immature leaf; Curves 2 and 3 
are progressively riper; Curve 4 is for an overripe leaf. 
(Tracings made with a GE Recording Reflectometer, courtesy 
Sidney Blumenthal Company, Rocky Mount, N. C.) The 
broken curve gives the energy distribution from the light 
source used in the photoelectric sorter. 


In a curing experiment at the Tobacco Experiment 
Station, Oxford, N. C., during the 1949 season, 25-leaf 
samples, randomly made up from leaves preselected 
for uniformity, were removed for analysis at 12-hr 
intervals during curing. Reflectance measurements of 
the face surface were made with the Yellowmeter on 
each leaf of the samples removed after 12 hr curing 
had elapsed. The coefficient of variation between 
leaves in the same sample was surprisingly large, 
amounting to 28% of the mean reflectance of the 
sample. After 24 hr curing, the between-leaf. variation 
was again 28%. As the yellowed condition was ap- 
proached after 36 hr curing, the variation in the 
samples was reduced to 20%. Three possible explana- 
tions for this wide variation were proposed: (1) se- 
lection of the leaves for uniformity at priming was 
not as good as supposed; (2) the destruction of 
chlorophyll started earlier in some leaves than in 
others; or (3) the reaction proceeded at more rapid 
rates in certain leaves. As some of the leaves became 
yellow, the slower ones had a chance to catch up; 
hence, the decreasing variation as yellowing ap- 
proached. 

To test this variation in coloring rates more criti- 
cally, 109 tobacco leaves were very carefully selected 
for uniformity in the field. In addition to this visual 
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Fie 4. Conveyor belt equipment for sorting tobacco on the 
basis of ripeness. 
selection, these leaves were further screened by an 
experimental photoelectric selector (Figs. 3 and 4), 
which sorts tobacco leaves according to their re- 
flectance of green light. (Fig. 3 shows how green re- 
flectance of tobacco changes during ripening, as well 
as the energy distribution from the light source in the 
photoelectric sorter.) The important fact is that this 
instrument rejected 20% of these leaves as being over- 
ripe. Subsequent measurement of the rejects with the 
Yellowmeter showed that they were significantly yel- 
lower than the remaining leaves. 

The selected leaves were then randomly made into 
20-leaf subsamples. After measuring the reflectance 
of each individual leaf on the Yellowmeter, the sam- 
ples were placed in curing. At intervals during the 
coloring period, reflectance measurements were again 
made on the opposite half of each leaf in a particular 
sample. Yellowmeter readings were repeated on all 
leaves toward the end of yellowing and again at the 
completion of the cure. Mean reflectances and their 
fiducial limits are plotted against curing time in Fig. 
5. In Fig. 6, the between-leaf coefficients of variation 
are plotted against time. 

Tobacco leaves that had been selected visually and 
instrumentally for uniformity (only 6% coefficient 
of variation) responded quite differently to the color- 
ing environment of the curing barn. The variation in- 
creased to a maximum of 28% about 15 hr ahead of 
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Fic. 6. Variation in the 680 mu reflectance of tobacco dur- 
ing curing. 


yellowing (a sample judged visually to be satisfac- 
torily yellowed would be expected to show a mean 
680 mu reflectance of about 40% on the Yellowmeter) 
and then declined. After curing was completed, the 
coefficient of variation was 11%. 

Enzymatic activity of the laminal portions of the 
leaves is arrested through desiccation during the fixing 
stage of curing; therefore, little further color change 
would be expected during the final drying phase. For 
this reason, the curve in Fig. 6 is interpolated essen- 
tially horizontally during the drying cycle. 

These variable rates of coloring of tobacco are un- 
doubtedly the combined effects of inherent physiologi- 
eal differences between leaves and the curing environ- 
ment of each particular leaf. That environment is the 
more important factor might be inferred from the 
observation that when 2 leaves were hanging close 
together, such as face-to-face, both leaves would show 
retarded yellowing. Since both the highly selected 
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leaves and those less carefully selected followed the 
same pattern in their coloring behavior, this might 
explain the rather remarkable success of the careful 
operator in curing out uniformly colored tobacco from 
leaves that may have been rather carelessly primed 
for uniform maturity. It should be emphasized, how- 
ever, that color per se is of only minor direct impor- 
tance in determining the quality of cured tobacco. 


Manuscript received June 4, 1951, 


Fasciae Dorsi Variants 


George William Cooper* 


Department of Anatomy, 
Louisiana State University School of Medicine, 
New Orleans 


Incident to routine and certain special dissections 
it developed that gross anatomical findings upon some 
fascial entities of the back were different from those 
recorded in standard textbooks. We wish to place on 
record such new or apparently unreported observa- 
tions. 

Records that have formulated much of the older, 
as well as later, concepts upon the gross structure of 
fasciae are based largely upon studies of adults and 
the aged. Because of the predilection of collagenous 
tissues for fusions or adhesions, our work was under- 
taken on newly born, full-term infants, as well as on 
adult cadavers. Fascial studies were made upon 6 
infants and 6 adults (24 sides), but structural pat- 
terns observed by us in 9 student-dissected bodies 
were totaled with our own dissections (total, 21 
cadavers [42 sides]). Routine and special techniques 
of dissection were employed, such as lateral and 
medial approach to the field, en bloc resections, vari- 
able approaches, ete. 

Variations from standard texts were noted in our 
studies of lumbodorsal fascia. The most striking 
difference is our finding that the dorsal layer of 
this fascia (lumbar aponeurosis) sometimes projects 
rostrad by splitting into anterior and posterior 
laminae, which ascend as vaginal fasciae covering, 
respectively, these surfaces of the splenius cervicis 
and capitis muscles. This pattern was observed in 
88.1% of our subjects. A third but diminutive vaginal 
fascia was projected rostrad as the dorsal covering of 
the spinalis, semispinalis, and longissimus muscles 
under the splenii. This layer thickens, however, over 
the semispinalis capitis in the occipital triangle. (See 
Fig. 1, paraspinous sagittal section, through bases of 
transverse processes in the thoracolumbar area and 
the articular and transverse processes of the cervical 
vertebrae. ) 

Fascial planes of the trigonum lumbale (Petiti) 
were found in homologous structural patterns with 
those of the occipital triangle, except for numbers 
of muscles engaged and several other minor variants, 


1 Acknowledgment is made to Charles Mayo Goss, head of 
the Department of Anatomy, Louisiana State University 
School of Medicine, for criticisms and suggestions. 
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Fic. 1. Fasciae dorsi: 1, rectus capitis posterior minor; 2, rectus capitis posterior major; 3, obliquus capitis inferior ; 
4, semispinalis cervicis ; 5, longissimus capitis ; 6, semispinalis dorsi; 7, longissimus dorsi; 8, semispinalis capitis ; 9, splenius 
capitis ; 10, serratus posterior superior ; 11, rhomboideus minor; 12, rhomboideus major; 13, splenius cervicis ; 14, latissimus 
dorsi; 15, trapezius; 16, serratus posterior inferior; 17, lumbodorsal fascia (dorsal layer) ; 18, interserratus fascia; FC, 
fascial cleft; S, splenius fasciae formed by subdivision of lumbodorsal. (All fasciae schematically accented.) 


Fic, 2. £, External fascia of muscle; ZO, abdominal ob- 
lique, external; J, internal fascia of muscle; JO, abdominal 
oblique, internal ; LD, latissimus dorsi muscle ; R, roof fascia, 
— (Petiti) ; F, floor fascia, trigone (Petiti) ; C, fascial 
cleft. 


which are universally accepted as proved and require 
no comment in this critical review for unreported 
findings. In some bodies we found the trigonum 
lumbale covered by a roof of conjoined fascia pro- 
jected laterad from both surfaces of the latissimus 
dorsi muscle, This laminal roof was split again at the 
external abdominal oblique to form its external and 
internal vaginal fasciae. Under this internal fascia 
and roof fascia was a shallow but sometimes well- 
defined fascial cleft. The external fascia covering the 
internal abdominal oblique was found, in these cases, 
to be the floor fascia of the trigone. A transverse sec- 
tion of the trigone is schematically shown in Fig. 2. 

These findings disagree with current concepts and 
texts, being present in 2 of the 15 adult bodies, as 
well as in all the infants. The integrating geriatric 
changes or adhesions incident to muscular rheumatism 
(fibrositis) may account for statuses that commonly 
create the illusion of a single fascial layer filling in 
the trigonum lumbale (Petiti). In 86.6% of our ma- 
terial such integration by fusions or adhesions of 
fascial components was found in Petit’s triangle, but 
always in adults of advanced age. The two-layered 
pattern was present in 100% of infants in whom 
the fascial planes are obviously in the more basic or 
relatively primordial status of freshness. 

Studies upon the serratocostal fascia were included 
upon 21 cadavers (42 sides), but findings were essen- 
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tially the same as those found in current literature. 
We are urged, nevertheless, to accent a circumstance 
thus far all but universally ignored: the anatomical 
and surgical significance of the large fascial cleft 
filled in by this fascia. It is one of the largest in the 
human body and designed to enhance efficiency of 
seapular mechanics. In some subjects it was the 
largest intermuscular fascial cleft, considering both 
depth and radii of peripheral expansions. 


Manuscript received September 20, 1951. 


A Simple Method for Staining Trypano- 
somes and Plasmodia of Malaria 
in Tissue Sections 


R. W. Loehning and H. J. Van Baaren 


Departments of Pharmacology and Pathology, 
University of Wisconsin, Madison 


A simple, rapid, and dependable method for stain- 
ing trypanosomes and plasmodia in fixed tissues used 
by us has been found more efficacious than other 
methods tried. Hewitt (1), commenting on the inade- 
quacy of previously used stains for malaria in tissue 
sections, recommended a modified Giemsa staining 
technique, and Shortt and Cooper (2) have recently 
made use of their own modification of this technique. 
Tomlinson and Grocott (3) reported good results for 
malaria, leishmania, and other parasites by their own 
technique. Black (4) adapted Leishman’s stain for 
malaria. 

We have had considerable success in demonstrating 
malarial plasmodia in tissue sections using the Kings- 
ley stain as originally described (5), but with a 
modification of technique we have found that the 
stain gave superior results in the demonstration of 
trypanosomes in tissue sections. Tissues of rats in- 
fected with Trypanosoma equiperdum and tissues of 
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Fic. 1. Rat liver containing Trypanosoma equiperdum in- 
side a blood vessel. x 525. 
eanaries with Plasmodium cathemerium were em- 
ployed. Small pieces of tissue were fixed in Helly’s 
fluid for 10-12 hr and then washed for 24 hr in run- 
ning water. The tissues were passed through graded 
concentrations of ethanol, terminating in absolute 
ethanol. In order to replace ethanol by butyl alcohol, 
tissues were passed through graded concentrations 
of butyl alcohol in ethanol, finally terminating in pure 
butyl aleohol. By this means, shrinkage of parasites 
in the tissue is avoided. From pure butyl alcohol the 
tissues were embedded in paraffin and 5 w sections 
were cut. 

To demonstrate trypanosomes the slides were 
stained with equal parts of Kingsley I and II for 5 
min and quickly rinsed in two changes of distilled 
water. The sections were then dipped momentarily in 
acetone, acetone with eosin, butyl alcohol, followed by 
three changes of neutralized xylol; clarite was used 
for mounting. The Kingsley technique of development 
of a pink color by use of distilled water acidified with 
acetic acid could not be used because in the prepara- 
tions described above the coloration of the parasites 
is totally lost. For this reason, eosin was added to the 


Fic. 2. Canary breast muscle with Plasmodium cathemer- 
ium inside avian red cells. x 525. 
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acetone to potentiate the red cytoplasmic stain of the 
tissues. Following this procedure the blue-staining 
trypanosomes were sharply and clearly demarcated. 

A section of rat liver with trypanosomes in a large 
blood vessel is shown in Fig. 1. Because of the length 
of the organism it is difficult to find parasites in the 
exact plane necessary to demonstrate photographi- 
cally what can readily be seen microscopically. The 
nucleus of the organism stains strongly basophilic, 
and the cytoplasm appears a lighter blue. Undulating 
membranes and blepharoplasts are not easily seen. 

In staining for malarial plasmodia in sections the 
same technique is used. After staining, however, the 
tissues are differentiated for a few seconds in a solu- 
tion of 1% acetic acid. The slides are then passed 
through acetone, to which a few drops of eosin solu- 
tion has been added, followed by butyl alcohol and 
xylol, after which they are mounted. 

The result of this method is shown by a section of 
bird’s breast muscle with numerous nucleated red 
cells, many of which contain from 1 to 5 trophozoites 
(Fig. 2). 

The Kingsley stain is commercially available as 
Kingsley I and II or it ean be made according to 
Kingsley’s directions. Equal parts of each solution 
are mixed immediately before use. This stain is excel- 
lent for the differential staining of blood and bone 
marrow films, as well as for blood-borne parasites, 
such as trypanosomes and malaria. It gives better 
results in tissue sections of bone marrow than any of 
the other stains tried by the authors. The Kingsley 
stain has certain definite advantages over most 
hematological stains and deserves a much wider use. 


References 


. Hewitt, R. Am. J. Hyg., 29, 115 (19389). 

SuHortt, H. E., and Coorger, W. Trans. Roy. Soc. Trop. 

Med. Hyg., 41, 427 (1948). 

3. TOMLINSON, W. J., and Grocort, R. G. Am. J. Clin. Path., 
14, 316 (1944). 

4. Buack, R. H. Ann. Trop. Med. Parasitol., 42, 52 (1948). 

5. KINGSLEY, D. M. Stain Technol., 10, 127 (Octover 1955). 


nue 


Manuscript received November 6, 1951. 


The Irradiation-Induced Autoxidation 
of Linoleic Acid* 


James F. Mead 


Atomic Energy Project, School of Medicine, 
University of California at Los Angeles 


In a recent paper, Dubouloz (1) stated that per- 
oxides are produced in the skin lipids of animals 
subjected to x-irradiation and other injury. Consider- 
ation of possible mechanisms for this effect and the 
knowledge that the essential fatty acids, which are 
universally present in the animal body, autoxidize 
readily by a free-radical mechanism with the pro- 
duction of peroxides (2) have led to the investiga- 

1 This paper is based on work performed under Contract 


No. AT-04-1-GEN-12 between the Atomic Energy Commission 
and the University of California at Los Angeles. 
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TABLE 1 


THE EFrrect oF CONCENTRATION OF LINOLEATE 
on Ionic YIELD 
(Irradiation: 1000 r at 33 r/min) 


Concentration Concentration 
of substrate of product Tonic yield 
(Molar x 10*) (Molar x 10°) 
10.5 22.9 115 
8.50 20.6 103 
5.25 13.9 70 
3.12 8.7 44 
1.30 1.7 8.5 
0.78 Not measurable 


tion of the effect of irradiation on these compounds. 

Linoleic acid was selected as the model compound, 
although theoretically it should be the least affected 
of the group. Its ready availability, however, made it 
the compound of choice, with the knowledge that 
should the study prove interesting further experi- 
ments could be made with other more susceptible com- 
pounds, such as arachidonic acid. 

For irradiation, carefully weighed amounts of 
linoleic acid were dissolved in 5 ml of aleohol and 
diluted to 50 or 100 ml with borate buffer of pH 8.5 
or 9 (pH had no effect in this range). Irradiation 
was performed using the Picker 250 KVP Therapy 
Tube with 20-ml samples of the solutions in slowly 
revolving spherical Pyrex flasks with indentations for 
adequate stirring. 

Analysis of the solutions was accomplished by com- 
paring the irradiated samples spectrophotometrically 
with controls that had undergone similar treatment 
but had not been irradiated. The absorption of light 
from 300 to 220 mp by each sample was studied on 
the Cary recording spectrophotometer. Dilutions were 
made with appropriate buffer where necessary, and 
the intensities of the absorption maxima at 231 mu 
were recorded and converted by appropriate caleula- 
tions to concentrations of conjugated dienoic acid? 
and then to ionic yields.® 

Table 1 shows data on the effect of irradiation at 
several concentrations on the ionic yield. 

Caleulation of relationships from the data in the 
table shows that at constant irradiation rate, con- 
centration of product bears an approximately linear 
relationship to the concentration of substrate, being 
greater for the lowest concentrations and falling off 
somewhat at higher values. The lowest concentration 


*From the Ex of trans: trans 9: 11-octadecadienoic acid 
(taken as 3.1 x 10‘), the concentration of conjugated diene 
could be calculated if assumed to be of this species. This 
assumption is supported by the fact that the absorption maxi- 
mum (231-2 my) is the same as that of the above acid, 
whereas 234 is reported to be the wavelength of maximum 
absorption for octadecadienoic acids containing cis conju- 
gated double bonds. The assumption that the total yield is 
given by conjugated diene may give yields about 30% low, 
since the ratio of conjugated diene formed to oxygen con- 
sumed has been shown (2) to be about 7: 10. 

* The ionic yield was estimated by dividing the number of 
moles of conjugated dienoic acid formed by the number of 
“moles” of ion pairs. This number was obtained by dividing 
the number of ion pairs (about 1.2x 10" ion pairs/1000 
r/ml for these conditions) by 6 x 10”. 
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used in this experiment gave no measurable yield 
(an ionie yield of less than unity would not be de- 
tected under the conditions of the experiment). In 
separate experiments it was found that concentra- 
tions below 1x 10-* M gave no measurable results at 
1000 r at 33 r/min. 

To determine the effect of irradiation dose on the 
extent of the reaction, a solution of 5.5x10-? M 
linoleic acid in borate buffer at pH 8.5 was irradiated 
at constant rate (25r/min) for different doses. The 
results are reported in Table 2. 


TABLE 2 
THe Errect or Dose ON THE IonIc YIELD 


Concentration 
Dose (r) of product Tonic yield 
(Molar x 10°) 
500 7.4 74 
1000 17 85 
2000 39 98 


The effect of irradiation rate on the rate of the 
reaction was investigated using a solution of 5.8 x 
10-* M linoleic acid in borate buffer, pH 9, which was 
irradiated in the usual manner with 1000 r at four 
different rates—540 r/min, 98 r/min, 33 r/min, and 
10 r/min. The concentration of product was caleu- 
lated in each ease for the effect produced during the 
irradiation and also for various times after cessation 
of irradiation. These data are shown in Table 3. All 
values are corrected for autoxidation, which is small 
but significant under these conditions. 


TABLE 3 


Errect OF IRRADIATION RATE ON TEE CONCENTRATION 
or Propuct During AND APTER IRRADIATION 


Concentration of product (Molar x 10°) 


Irradiation 

rate (r/min Immediately 

for 1000 r) post- 1 Hr post 2 Hr post 

irradiation 
540 2.0 2.4 3.8 

98 5.0 6.2 8.4 
33 11.8 15.0 18.4 
10 28.2 


It is evident that the yield varies markedly with 
irradiation rate. A similar dependence has been noted 
by Dainton (3) for the radiation-induced polymeriza- 
tion of acrylonitrile. 

A complete study of the effect of oxygen pressure 
on the yield is made difficult by the fact that solu- 
tions of linoleic acid in buffer at pH 9 foam very 
badly. Removal of oxygen was carried out as com- 
pletely as possible by repeated evacuation (to 25 mm) 
of the solution, followed by addition of nitrogen. 
A 5.45x10-* M solution of linoleic acid in borate 
buffer at pH 9 was treated as described above and 
irradiated at 20 r/min for 1000 r. A control was 
irradiated under the same conditions but in the pres- 
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TABLE 4 
Tue EFFrect OF CYSTEINE ON THE IONIC YIELD 


Concentration Concentration 


of cysteine of product Tonic yield 
(Molar x 10‘) (Molar x 10°) 
0 8 40 
0.8 5.2 26 
2 2.9 15 


ence of air. The ionic yield for the former was 9, 
for the latter, 103. 

A study of the effect of cysteine on the linoleate 
system was considered timely in view of the many 
papers that have appeared recently dealing with the 
protective effects of sulfhydryl-containing compounds 
in vivo against radiation injury. A further reason for 
testing this substance was the fact that, unlike more 
efficient chain terminators such as the hydroquinones, 
cysteine does not have a high or rapidly changing 
absorption at 220-240 mu in the ultraviolet. This 
fact enables the change in absorption at 231 mp to 
be measured more accurately. Three samples of a 
1.08 x 10-? M solution of linoleic acid in borate buffer, 
pH 9, were diluted with equal volumes of buffer, 
1.6 x 10-* M cysteine in buffer and 4x 10-* M cysteine 
in buffer, respectively. The solutions were irradiated 
with 1000 r at 25 r/min. Table 4 presents a summary 
of the results. 

It is evident that even the low concentrations of 


cysteine used in these studies exerted a profound 
effect on the yield. No attempt was made, however, 
to determine the exact relationship. 

It can be assumed, in all probability, that the 
mechanism of the reaction of linoleic acid induced by 
x-irradiation is similar to that proposed by Farmer, 
Bergstrom, Holman, and co-workers (2) for the 
autoxidation reaction, since this latter reaction has 
been shown to be initiated by free-radical—producing 
substances and since the measurable effect is the same 
in both cases. However, no attempt has been made at 
the present time to interpret the kinetics of the 
irradiation-initiated reaction. 

It is to be expected that the application of these 
studies to work in vivo will be attended by further 
complications. Naturally occurring inhibitors may be 
of great importance, and the measurement of these 
and other substances possibly destroyed in the reac- 
tion will have to be carried out. It is possible that 
in this ease inhibitors will prevent this particular 
chain reaction from occurring. However, as a model 
for a type of reaction which may be of importance in 
irradiation effects, the present investigation may 
serve as a basis for future studies. 


References 
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Comments and Communications 


Biological or Psychological Warfare? 


AS PRESIDENT of the National Academy of Sciences, 
I recently received the following cablegram from the 
president of the Hungarian Academy of Sciences: 


We Hungarian scientists have been profoundly shocked 
to learn of the horrible fact contrary to all human feel- 
ings that the United States forces fighting in Korea have 
used bacteriological weapons to exterminate the peaceful 
Korean and Chinese peoples. We would most emphatically 
request you, sir, and all other American scientists in the 
name of the lofty ideals of science and of moral principles 
of mankind to raise your voices in protest against this 
ghastly deed and prevent this crime that is being com- 
mitted in the name of the people of the United States 
and with the instruments of science. 


IstavAN RuszNYAK 
President, Hungarian Academy of Sciences 


On Mar. 31 I replied to Dr. Rusznyak as follows: 


In your recent cablegram to me you say that the United 
States forces fighting in Korea have used bacteriological 
weapons. Many members of the National Academy of 
Sciences of the United States of America and of its Coun- 
cil are well enough informed to be certain that this as- 
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sertion is not true. No member of our Academy knows of 
evidence which supports your claim that the United Na- 
tions forces in Korea have waged bacteriological warfare. 
Therefore, as scientists we cannot accept as facts such 
unsubstantiated assertions, We regret that you of the 
Hungarian Academy have not likewise reserved your 
judgment concerning statements which, in their nature, 
cannot help but incite passions and hatred, until those 
statements have been proved or disproved by scientific 
investigation. We know that the United States has pro- 
posed that the International Committee of the Red Cross, 
a neutral and independent body, make such an investiga- 
tion on both sides of the battle line in Korea. The ICRC 
has agreed to do this, provided the belligerents on both 
sides will cooperate, and has offered to include Asians 
from nonbelligerent countries in its commission, The Uni- 
fied Command readily offered to cooperate fully. The 
Communists so far have rejected the proposal of the 
ICRC. Accordingly, we urge the Hungarian Academy of 
Sciences to request the Communist authorities to cooper- 
ate in such an impartial and objective investigation by 
the Red Cross. 

Pending such a scientific inquiry we hope you will 
share our skepticism, as befits men of science. We are 
saddened by your message, which persuades us that you 
cannot do so now. This incident strengthens our conviec- 
tion that only in an open world can men have access to 
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the facts which make possible our survival and enable us 
to live free of terror. 


Dertev W. Bronk 


President, National Academy of Sciences of the 
United States of America 


International Code of Zoological Nomen- 
clature: Proposed Amplification, Clarifi- 
cations, and Extensions to be Considered 

by the International Congress of 
Zoology, Copenhagen 1953 


ZooLocists and paleontologists are reminded that 
at its Paris meeting in 1948 the Thirteenth Inter- 
national Congress of Zoology decided that a number 
of general problems involving the text of the Inter- 
national Code of Zoological Nomenclature should be 
brought forward for decision at the next (Fourteenth) 
International Congress of Zoology at Copenhagen in 
1953. The Paris Congress further decided that, pre- 
liminary to the submission of these problems to the 
Copenhagen Congress, the Secretary to the Inter- 
national Commission on Zoological Nomenclature 
should confer with interested specialists and, having 
done so, should submit comprehensive reports, with 
recommendations. 

In pursuance of these duties, I have prepared 
papers on the problems remitted to me for report, in 
each of which I have set out the issues on which, as 
it appears to me, the Copenhagen Congress will need 
to take decisions. In these papers I have also sub- 
mitted for consideration a number of suggestions 
based upon such preliminary consultations as it has 
already been possible to hold. The object of these 
papers is to elicit expressions of opinion on the issues 
involved from as wide a circle as possible of inter- 
ested specialists. The subjects dealt with in the papers 
referred to are the following: 


1) Emendation of zoological names; proposed substi- 
tution for Article 19 of simple, clear-cut rules capable of 
being easily applied (Commission’s reference Z.N. [S.] 
356) ; 

2) Clarification and amplification of the rules relating 
to the naming of families and lower categories of supra- 
generic rank (Commission’s reference Z.N. [S8.] 357) ; 

3) Proposed introduction of rules for regulating the 
naming of orders and higher taxonomic categories (Com- 
mission’s reference Z.N. [S.] 360) ; 

4) Acceptance of species as the type species of a nomi- 
nal genus, the name of which was published in a generic 
synonymy, if names so published are to be treated as 
possessing nomenclatorial availability (Z.N. [S.] 387) ; 

5) Application of a trivial name which, when first 
published, was applied to a particular species or speci- 
men, but which is stated also to be a substitute name for 
some previously published name (Z.N. [S.] 361) ; 

6) Question of official recognition of neotypes as type 
specimens and under what conditions (Z.N. [S.] 358) ; 

7) The means to be devised for securing stability in 


A special volume (Vol. 7) of the Bulletin of Zoo- 
logical Nomenclature has been allotted for the publi- 
eation of the foregoing papers, which constitute an 
important installment of the agenda on nomenclature 
questions of the Copenhagen Congress next year. 
Parts 1-2 containing the first installment of the above 
papers were published on February 25, 1952, and the 
whole of the remainder within the ensuing six weeks. 

The object of the present Norice is to draw the 
attention of zoologists and paleontologists to the ar- 
rangements being made for the consideration of the 
foregoing problems by the Copenhagen Congress next 
year, and to express the hope that nomenclature com- 
mittees of museums and other scientific institutions 
and, also, individual specialists will furnish as soon 
as possible answers to the questions specifically asked 
in the concluding paragraph in each of the seven 
papers enumerated above, regarding the action which, 
in their opinion or, in the case of committees, in the 
opinion of their members, it is desirable that the 
Copenhagen Congress should take on each of the 
problems involved. It is particularly hoped that there 
will be a wide and representative response to the 
present appeal, so that the proposals to be submitted 
to the Copenhagen Congress may be such as will com- 
mand the widest possible measure of support among 
the general body of zoologists and paleontologists, in- 
cluding those engaged in taxonomic work, those en- 
gaged in the teaching of zoology and geology, and 
those working in the various fields of applied biology. 

Nomenclature committees and individual specialists 
who respond to the present appeal for assistance and 
advice will render a double service if they will be so 
good as to assist the International Commission by ob- 
serving the following procedure when furnishing 
statements of their views: (1) Where comments are 
furnished on two or more of the general problems 
enumerated above, the comments furnished on each of 
those problems should be on separate sheets of paper. 
(2) Every comment furnished should be clearly 
marked with the Commission’s reference number as 
indicated in the list given above. (3) Comments should 
be typewritten, on one side of the paper only, with 
wide margins, and should be furnished in duplicate. 

In order that there may be sufficient time to prepare 
the reports called for by the Paris Congress—and thus 
to make those reports available well ahead of the 
Copenhagen Congress—it is particularly hoped that 
nomenclature committees and individual specialists 
responding to the present appeal will despatch their 
comments as promptly as possible. They should in any 
ease reach me not later than July 31, 1952. 

All communications relating to the foregoing mat- 
ters should be addressed to me at 28 Park Village 
East, Regent’s Park, London, N.W. 1, England. 


Francis HemMING 


zoological lature (Commission’s reference Z.N. Secretary to the International Commission 
[S.] 359). on Zoological Nomenclature 
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Association Affairs 


Southwestern Division, May 1-4, 1952 


Frank E. E. Germann 
University of Colorado, Boulder 


THE 28th Annual Meeting of the Southwestern 
Division, AAAS, will be held jointly with the Colo- 
rado-Wyoming Academy of Science on the University 
of Colorado campus at Boulder, May 1-4. The section 
secretaries have submitted the following lists of 
papers to be read in their respective sections. 


ANTHROPOLOGY SECTION 


Ruth Underhill, Chairman 
1. Distribution of Arrow Points in the Northern Great 
Plains. E. B. Renaud, University of Denver. 
2. Recent Finds of Early Man in Mexico. H. M. Wor- 
mington, Denver Museum of Natural History. 


Symposium on Colorado Prehistory 


3. Archaeological Developments in Southwestern Colo- 
rado. Herbert W. Dick, University of Colorado 
Museum. 

4. Northwestern Colorado. Robert H. Lister, University 
of Colorado. 

5. Eastern Colorado. Arnold Withers, University of 
Denver. 

6. Southeastern Colorado. Haldon Chase, Denver Art 
Museum. 

7. The Proposed Carbon 14 Dating Laboratory at the 
University of Colorado. Raymond N. Keller, University 
of Colorado. 

8. Future Plans for Anthropology in New Mexico. 
Bertha P. Dutton, Museum of New Mexico, Santa Fe. 
9. The Ute Claims Cases. Omer C. Stewart, University 
of Colorado. 


BACTERIOLOGY SECTION 


Charles F. Poe, Chairman 

1. The Liberation of Water-Insoluble Acids in Cream 
by Geotrichum. Michael Purko, Wyoming State De- 
partment of Agriculture; W. O. Nelson and W. A. 
Wood, University of Illinois. 

2. Thermostabilization and its Effects on Representative 
Organisms in Shell Eggs. Mary C. McAuley, Emma J. 
Thiessen, and Michael Purko, University of Wyoming. 

3. The Effect of Combinations of Antibiotics on Re- 
sistant Staphylococci. Ben Miyahara and William E. 
Clapper, University of Colorado School of Medicine, 
Denver. 

4. A Comparative Metabolic Study of Some Salmonella 
and Paracolon Species. Robert M. Twedt and William 
E. Clapper, University of Colorado School of Medicine. 

5. Study of the Protective Action of Alkaloids against 
Ultraviolet Irradiation. John P. Street, College of 
Pharmacy, University of Colorado. 

6. Reversal of Cobalt and Nickel Inhibitions by Mag- 
nesium in Yeast Cultures. Stephen R. McCulloch and 
Charles F. Poe, College of Pharmacy, University of 
Colorado. 

7. The Enhancement of the Germicidal Power of Phenol 
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by Detergents. Frank T. Brown, Charles R. Bitter, 
and Dale L. Tanner, University of Colorado. 


CHEMISTRY SECTION 
William C. Stickler, Chairman 

1. Formation of Neutral Products in the Treatment of 
trans-m-Nitrocinnamie Acid Dibromide with Sodium 
Acetate and Absolute Ethanol. Stanley J. Cristol and 
William P. Norris, University of Colorado. 

2. Separation of Anions of the Copper Subgroup by 
Means of Electrochromatography. Louis Gachic and 
G. Howard McCormick, University of Denver. 

3. The Adaptation of the Five-Step Sector to Quantita- 
tive Measurements in the Ultraviolet Region of the 
Baird 3-Meter Spectrograph. William M. Craig and 
Preston F. Gott, Texas Technological College, Lubbock. 

4. The Heat of Hydrogenation of Ethyl and Vinyl 
Chlorides. E. Emery, J. R. Lacher, and J. D. Park, 
University of Colorado. 

5. The Reaction of 2,4,6-Trimethylstyrene Oxide with 
Phenol. Cyrus O. Guss, Colorado A & M College, Ft. 
Collins. 

6. The Reaction of Diphenylethylene Oxide and Stilbene 
Oxide with 2-Naphthol. Cyrus O. Guss and Rudolph 
Rosenthal, Colorado A & M College. 

7. Further Studies of Anomalous Alkylations of 6- 
Ketoesters. Sara Jane Rhoads, Rebecca Raulins, and 
Rosalie D. Reynolds, University of Wyoming. 

8. Some New Diels-Adler Reactions of Ethylene. John 
S. Meek, Samuel Shore, and Viviane Godefroi, Univer- 
sity of Colorado. 

9. Critical Ultracentrifuge and Viscosity Studies on 
Crystalline Bovine Plasma Albumin, Virgil L. Koenig 
and J. D. Perrings, Los Alamos Scientific Laboratories, 
University of California, Los Alamos, N. M. 

10. A Controlled Differential Adiabatic Jacket for Frac- 
tional Distillation Columns. J. A. Hancock, Texas 
Western College, El Paso. 

11. An Investigation of the Effects of Calcium and Po- 
tassium Ions on Lipid-Water Emulsions. Patricia Fain, 
Joe Dennis, and F. G. Harbaugh, Texas Technological 
College. 

12. Syntheses of Two Monobromo-Hexachloro Deriva- 
tives of Dimethanonaphthalene. Stanley J. Cristol and 
John R. Douglass, University of Colorado. 

13. Hyaluronidase in Tissues of Normal and Tumor 
Experimental Animals. Fred C. Freytag, Gerald F. 
Lanchantin, Louis R. Fina, and Irene Rosenfeld, Uni- 
versity of Wyoming. 

14. The Identification and Isolation of Chlorogenic Acid 
from Potatoes. Gestur Johnson, D. K. Johnson, and L. 
A. Schaal, Colorado A & M College. 

15. Preparation and Properties of Some New N-Bromo 
Perfluoramides. W. Lycan, J. D. Park, and J. R. 
Lacher, University of Colorado. 

16. A Spectrophotometrie Study of Benzoie Acid and 
Esters. H. E. Ungnade and R. W. Lamb, New Mexico 
Highlands University, Las Vegas. 

17. The Development of a Microsynthesis of Aldrin for 
Radiocarbon Labeling. Stanley J. Cristol and Robert 
E. Krall, University of Colorado. 

18. Polyeythemia in Rats. II, Effect of Histidine. Con- 
stance White and Essie White Cohn, University of 
Denver. 
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19. Polyeythemia in Rats. III, Effect of Cysteine. Nor- 
man Cowden and Essie White Cohn, University of 
Denver. 

20. A Comparative Study of the Production of Poly- 
cythemia in Male and Female Rats. Gavin Mallett and 
Essie White Cohn, University of Denver. 

21. Studies on the Metabolism of Phosphorus in vivo 
by the use of P32, Irene Rosenfeld and O. A. Beath, 
University of Wyoming. 

22. The Oxidation of Indium Trisulfide. M. F. Stubbs, 
New Mexico Institute of Mining and Technology, 
Socorro. 

23. A Study of the Sensitized Reaction between Water 
and Oxygen in the Presence of Zine Oxide: The Func- 
tion of Methyl Alcohol in Increasing the Steady State 
Concentration of Peroxide. John Lloyd Pflug and C. 
Robert Hurley, University of Denver. 

24. The Identification of Aldehydes by Means of the 
Crystallographic and Optical Properties of their Semi- 
carbazones. Edwin R. Hughes and Bartlett T. Dewey, 
Eastern New Mexico University, Portales. 

25. Quantitative Aspects of Paper Chromatography. 
R. C. Salander, M. Piano, and A. R. Patton, Colorado 
A & M College. 

26. The Infrared Absorption Spectra of some Pyri- 
midines in the NaCl Region. D. Emery, J. R. Lacher, 
and J. D. Park, University of Colorado. 

27. The Infrared Absorption Spectra of some Pyri- 
midines in the LiF Region. J. Ito, J. R. Lacher, and 
J. D. Park, University of Colorado. 

28. The Heats of Bromination of some Fluoro-olefins. 
L. Casali, K. Lea, J. R. Lacher, and J. D. Park, 
University of Colorado. 

29. The Infrared Absorption Spectra of some Amino 
Acids. A. Kianpour, J. R. Lacher, and J. D. Park, 
University of Colorado. 

30. The Ages of Two Minerals from the Pecos, New 
Mexico, Region. O. B. Muench, New Mexico Highlands 
University. 

31. The Reaction of some Fluorinated Olefins with 
Alkanols. Paul W. Trott, J. D. Park, and J. R. 
Lacher, University of Colorado. 

32. Arsenic Determination in Organic Nitrogen Com- 
pounds. William C. Stickler, University of Denver. 
33. Osazone Formation. William C. Stickler, Herbert D. 

Hart, and Peter Yin, University of Denver. 

34. Vapor Pressure Studies on Cyclohexene. Lester A. 
Michel and Margaret Sykes Grill, Colorado College, 
Colorado Springs. 

35. A Study of the Natural Occurrence of Hydrogen 
Peroxide in Untreated Water. William Culbertson, Jr., 
and C. R. Hurley, University of Denver. 

36. The Effect of Histamine on the Respiration of Rat 
Brain. Harold C. Heim, University of Colorado. 


ENGINEERING SECTION 
8S. A. Johnson, Jr., Chairman 


1. Instantaneous Measurement of Transient Flame 
Temperatures. George W. Bauserman, University of 
Denver. 

2. Analysis of an Optimum Servomechanism. Frank C. 
Carpenter, University of Colorado. 

3. Theory and Practice of Cloud Seeding. Archie M. 
Kahan, American Institute of Aerological Research, 
Denver. 

4, Acoustical Measurements of Winds and Temperatures 
at High Altitudes. Lee Brogan, University of Denver. 
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5. Strength of Timber under Continued Loading. M. W. 
Jackson, University of Colorado. 

6. Water Evaporation Rates from Triethylene Glycol- 
Water Solutions, Arthur Hasenkamp, University of 
Denver. 

7. Improving Efficiency of Primary Sewage Treatment 
Plant. R. E. Leffel, University of Colorado. 

8. Theory and Analysis of Applied Cybernetics. 
Geoffrey Post, University of Denver. 


Puysics SECTION 

1. The Curie Point for Nickel. W. B. Pietenpol, Univer- 
sity of Colorado. 

2. Effect of Temperature Changes on BF, Neutron 
Counters. Aurel Goodwin, Jr., University of Denver. 

3. Meteorological Effects on Cosmic Ray Components. 
Mario Iona, University of Denver. 

4. Further Barometric and Temperature Coefficients for 
Small Cosmie Ray Bursts. James W. Broxon, Univer- 
sity of Colorado. 

5. Altitude Effect on Cosmic Ray Fine Structure. Dana 
T. Warren, Colorado A & M College. 

6. Constant of Gravitation with the Eotvos Balance. 
Paul A. Rodgers, Colorado School of Mines, Golden. 

7. What Systems of Units Should Be Taught to Under- 
graduates? Paul F. Bartunek, Colorado School of 
Mines. 

8. Values of Forty-First to Fiftieth Powers of a to 
Seventy Decimal Places. Vladimir P. Lubovich, Uni- 
versity of Colorado. 

9. Eclipse Observations of the Solar Chromosphere. 
J. W. Evans, High Altitude Observatory, Boulder. 
10. A Comment on Sunspot Fields and Flare Produc- 

tivity. Bruno Witte, High Altitude Observatory. 

11. An Electronic Isophotal Contour Densitometer. F. E. 
Fowler, D. 8. Johnson, and D. E. Billings, High Alti- 
tude Observatory. 

12. The New Solar Flare Recorder at Boulder. J. H. 
Rush, High Altitude Observatory. 

13. The Effect of Self-Diffusion on Measurements of 
Nuclear Magnetism in Liquids. John K. Wood, Univer- 
sity of Wyoming. 

14. The Densichron in Raffinose Determinations. Louis 
R. Weber, Colorado A & M College; R. J. Brown, 
Great Western Sugar Company; and Frank P. Goeder, 
Colorado A & M College. 

15. Preliminary Studies of Photoconductivity of Cad- 
mium Sulphide. Arthur E. Blake and Louis R. Weber, 
Colorado A & M College. 

16. A Matrix Formulation of the Mechanics of Rigid 
Bodies. James H. Marable and Wesley E. Brittin, 
University of Colorado. 

17. The Spectrographie Laboratory of Colorado A & M 
Physics Department. George A. Donovan and Louis R. 
Weber, Colorado A & M College. 

18. Some Effects of Ultrasonics on Wyoming Black Oil. 
John K. Wood, University of Wyoming. 

19. Exact Values of Factorials to 101 and Errors in 
Brandenburg’s Mathematical Tables. Vladimir P. 
Lubovich, University of Colorado. 

20. The Effect of Light on the Condensation of Metal 
Vapors. William A. Colburn, Colorado School of Mines. 

21. A High Frequency Crystal Reactance Meter. Gerald 
8S. Arthur and Virgil E. Bottom, Colorado A & M 
College. 

22. The Amplitude-Frequency Effect in Quartz Oscillator 
Plates. Robert E. Newnham and Virgil E. Bottom, 
Colorado A & M College. 
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23. The Origin of Coupled Modes in Vibrating Quartz 
Plates. E. Smith Murphy and Virgil E. Bottom, Colo- 
rado A & M College. 

24. Variations of the Lattice Parameters of Quartz. 
Don Hammond and Frank P. Goeder, Colorado A & M 
College. 

25. A Method for the Detection of a Cataract in Your 
own Eye. Vladimir P. Lubovich, University of Colo- 
rado. 

26. Grating Spectrograph for Observation of Sky at 
Total Solar Eclipse. Byron E. Cohn, Marvin E. Juza, 
Theodore F. Maher, Frank 8S. Speck, James N. Brooks, 
and Alfred Goddard, Jr., University of Denver. 

27. Spectral Solar Intensity in the Infrared. David M. 
Gates, Robert F. Calfee, and Byron E. Cohn, Univer- 
sity of Denver. 

28. Design of a Portable Infrared Spectrograph. James 
R. Shackleton, Frank S. Speck, David M. Gates, and 
Byron E. Cohn, University of Denver. 


COLORADO-WYOMING SECTION OF THE AMERICAN 
ASSOCIATION OF PHysics TEACHERS 


Paul E. Boucher, Chairman 
1. A Laboratory Experiment on the Statistical Analysis 
of Geiger Counter Data. Albert A. Bartlett, University 
of Colorado. 
2. Analogies—Origin, Reliability and Advantage. Paul 
F. Bartunek, Colorado School of Mines. 
3. A Convenient C-bias. George A. Donovan and Louis 
R. Weber, Colorado A & M College. 
4. A New Plane Source of Illumination. Frank P. 
Goeder and Louis R. Weber, Colorado A & M College. 


PLANT ScreNcE SECTION 


L. C. Hinckley and Edna L. Johnson, Chairmen 

1. The Orchidaceae of Colorado. H. D. Harrington, 
Colorado A & M College. 

2. Phippsia algida in the United States. William A. 
Weber, University of Colorado. 

3. Ferns of New Mexico. Howard J. Dittmer, Edward 
F. Castetter, and Ora Clark, University of New Mexico, 
Albuquerque. 

4. The Anatomy of Lophophora williamsi Lem. A. L. 
Chambers and Moras L. Shubert, University of Denver. 

5. Interactions of Maleic Hydrazide and 2,4-Dichloro- 
phenoxyacetic Acid as they Affect Skin Color in Red 
McClure Potatoes. Jess Fults, Merle G. Payne, and 
Ruth 8. Hay, Colorado A & M College. 

6. Results of Spray Tests for the Control of Carnation 
Rust. Lester E. Dickens and W. D. Thomas, Jr., Colo- 
rado A & M College. 

7. Induction of Reproductive Development in Young 
Sugar-Beet Seedlings. John O. Gaskill, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, 
Ft. Collins. 

8. The Relation of Chlorogenic Acid in Potato Tubers 
to Seab Resistance. Lawrence A. Schaal, Colorado 
A & M College. 

9. Ecology of a Low Hill near Ft. Chimo, Northeastern 
Canada. John W. Marr, University of Colorado. 

10. Value of Vegetative Characters in the Identification 
of Grasses. H. D. Harrington, Colorado A & M College. 

11, Plant Distribution Patterns in Colorado. II, The 
True Prairie Relict Flora. William A, Weber, Univer- 
sity of Colorado. 

12. The Herbicidal Control of Annual Grass Weeds. 
Roger M. Blouch, Colorado A & M College. 
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13. A Comparison of the Sensitivity of Young Plants 
of Mimosa pudica to Light with their Sensitivity to 
Touch. Oliver G. Titrud and A. E. Holch, University 
of Denver. 

14. Some Relationships between Timber Cutting and 
Snow Storage in the Rocky Mountains. E. G. Dunford, 
Rocky Mountain Forest and Range Experiment Sta- 
tion, Ft. Collins. 

15. Chemical Stimulation of Wound Periderm on Potato 
Tubers. A. O. Simonds, Lawrence A. Schaal, and Gestur 
Johnson, Colorado A & M College. 

16. Morphology of the Vegetative Organs of Cattelya 
mossiae Parker x Cattelya trianaei. Linden & Reichb. f. 
Sam Shushan, University of Colorado. 

17. A Forage Quality Classification of Short-Grass 
Species. G. E. Klipple, Rocky Mountain Forest and 
Range Experiment Station. 

18. Cytospora Gummosis of Peach in Colorado. Carl E. 
Seliskar, Colorado A & M College. 

19. The Effect of the Aster Yellows Virus on Carnation 
Blossoms. W. D. Thomas, Jr., Colorado A & M College. 

20. Bacterial Leaf Blight—a New Disease of Onions. 
W. D. Thomas, Jr., Colorado A & M College. 

21. Nature of Pathogenicity in Bacterial Wilt of Car- 
nations. Oliver V. Holtzmann, Colorado A & M College. 

22. Comparative Studies of the Pathogenicity of Three 
Fusaria. Oliver V. Holtzmann, Colorado A & M College. 

23. Factors Affecting the Growth and Morphology of 
Fusarium oxysporum f. betae. James A. Twomey, 
Colorado A & M College. 

24. Soil Treatments for the Control of Black Root of 
Sugar Beet. Norman R. Gerhold and James A. Twomey, 
Colorado A & M College. 

25. Control of Purple Blotch of Onions by Sprays. 
Charles W. McAnelly and W. D. Thomas, Jr., Colorado 
A & M College. 

26. Variable Sensitivity of Different Strains of Fusarium 
sp. toward Fungicides. Charles W. MeAnelly and W. D. 
Thomas, Jr., Colorado A & M College. 

27. Little Emphasized Facets of the Nitrogen Cycle. 
Lora Mangum Shields, New Mexico Highlands Uni- 
versity. 

28. The Action of Maleic Hydrazide on Cotton Leaves 
and Stems. Andrew Lopez, New Mexico Highlands 
University. 

29. The Effects of Certain Foreign Agents, as Blood, 
Fat, Sputum, and Calcium Ions, on the Efficiency of a 
Number of Disinfectants against Salmonella typhosa 
and Serratia marcascens. Harold F. Cumiford, New 
Mexico Highlands University. 

30. Formative Effects of Shale Oil on Plant Growth. 
Dale W. Bohmont, University of Wyoming. 

31. Studies in the Fleshy Basidiomycetes of Wyoming, 
I. Alexander H. Smith, University of Michigan, and 
W. G. Solheim, University of Wyoming. 

32. True Aquatic Plants of Colorado and their Com- 
parison with the Aquatic Flora of Japan. Yoshiharu 
Matsumura, Colorado A & M College. 


PsycHoLtogy SECTION 


Joint MEETING WITH THE Rocky MoUNTAIN BRANCH 
OF THE AMERICAN PSYCHOLOGICAL ASSOCIATION 


1. A Comparison of the Rorschachs of Juvenile Auto 
Thieves and Juvenile Burglars. Steven M. Jacobs and 
E. Ellis Graham, University of Denver. 

2. The Basic Personality Pattern of Delinquents. Anna 
Martin, New Mexico Highlands University. 
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3. An Adaptation of the Stanford-Binet Intelligence 
Test, Form M, for Use by a Blind Examiner. Walter 
F. Stromer and E. Ellis Graham, University of Denver. 

4. Mode Flexibility as a Function of Rate of Solution 
Approach. Charles D. Fink and Jack R. Gibb, Uni- 
versity of Colorado. 

5. Effect of Delay on the Retention of Material Pre- 
sented with Varying Amounts of Detail. Burton Meyer, 
Human Resources Research Laboratories, Lowry Air 
Foree Base, Denver. 

6. Two Situational Determiners of Mechanization in 
Problem-Solving. David T. Benedetti, University of 
New Mexico. 

7. Substitutive and Social Solution Fantasy: Relations 
Between Fantasy and Behavior as a Function of the 
Degree of Illness in Schizophrenia. Harold Dean 
Blessing, University of Denver, and Donald D. Glad, 
University of Colorado Medical School. 

8. Experimental Use of the Emotional Projection Test 
and the Rorschach in the Study of Emotional Changes. 
Curtis W. Page, University of Denver, and Donald D. 
Glad, University of Colorado Medical School. 

9. The Validity of the Wechsler-Bellevue Intelligence 
Seale with Spanish-speaking College Students. Carlos 
F. Cortes and Lillian G. Portenier, University of 
Wyoming. 

10. Certain Aspects of Wechsler-Bellevue Scatter in Low 
IQ Levels. Frederick Schnadt, VA Hospital, Ft. Lyon, 
Colo. 

11. Sociometric Problems in Air Crews. Mario Levi, 
Human Resources Research Laboratories, Lowry Air 
Foree Base. 

12. MMPI Personality Patterns for Various College 
Major Groups. Ralph D. Norman and Miriam Redlo, 
University of New Mexico. 

13. The Patterns of Changes in Schizophrenic Behavior 
during Group Therapy. Donald D. Glad, University of 
Colorado Medical School. 

14. Changes in Schizophrenic Behavior in Group Therapy 
as a Function of the Type of Therapist Activity. 
Richard B. Hartley, University of Denver, and Donald 
D. Glad, University of Colorado Medical School. 

15. The Schizophrenic Thematic Apperception Test Re- 
sponses and Behavior in Acutely Psychotic and Social 
Remission Stages. Hal Keeley, University of Denver, 
and Donald D. Glad. 

16. Relationships between Emotional Projection Test 
Responses and the Process of Improvement in a 
Therapy Group of Paranoid Schizophrenics. E. Fred- 
rick Thompson, University of Denver, and Donald D. 
Glad, University of Colorado Medical School. 

17. Identification and Ego Defensiveness in Thematic 
Appereeption. Richard C. Cook, Fitzsimons Army 
Hospital, Denver. 

18. Item Intercorrelations within the Szondi ‘‘ Factors.’’ 
Leonard V. Gordon, University of New Mexico. 

19. Some Semantic Aspects of Memory. Elwood Murray, 
University of Denver. 

20. The Relationships of Attitudes and Changes in Atti- 
tude toward Survival Adequacy to the Achievement of 
Survival Knowledge. E. Paul Torrence, Human Re- 
sources Research Laboratories, Lowry Air Force Base. 

21. Job Satisfaction of Teachers as Related to Parental 
Occupation Level. George H. Johnson, University of 
New Mexico. 

22. Religious Delusions in Psychosis: A Comparative 
Study. Warner L. Lowe, University of Denver. 
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SociaL ScreNcE SECTION AND THE CoLoRADO-WYOMING 
ScrENCE ASSOCIATION 


Gilbert R. Dale, Chairman 


History 

Carroll B. Malone, Chairman 
1. Edmund Burke, A Study in Historical Criticism. D. H. 
Cummins, Western State College of Colorado. 
2. The Adventure of Four Americans in Korea and 
Peking: An Incident of the Pretreaty Days. Earl 
Swisher, University of Colorado. 
3. On Understanding American Politics. Harvey Carter, 
Colorado College. 


Political Science 
Robert W. McCulloch, Chairman 
1. Moslem Nationalities of Soviet Hither Asia. John A. 
Armstrong, University of Denver. 
2. The Dutch-Indonesian Union: The Failure of an 
Experiment in International Association. Whitney T. 
Perkins, University of Denver. 


Sociology 
Marshall E. Jones, Chairman 


1. Our Perennial Migrant Labor Problem. Arthur 
Katona, Colorado A & M College. 

2. Changing Social Structures in Southeast Asian Cul- 
tures. Jiri Nehnevajsa, University of Colorado. 

3. Relations between British and Indians. W. E. Sikes, 
University of Denver. 


ZooLocy SEcTION 
Robert W. Pennak and Albert R. Mead, Chairmen 


1. A Distribution Study of Colorado Mammals, as 

Based Upon a Survey of Four Collections. Robert B. 
Lewis, Aspen, Colo. 

2. Distribution of Certain Riffle Insects in a Foothills 
Stream with Respect to Current Velocity. Arnold Ben- 
son, University of Colorado. 

3. Some Uses of Poisson Distribution in Quantifying 
Bird Populations and in Forecasting Censuses. John 
L. Chapin, University of Colorado Medical School, 
Denver. 

4. The Effects of Cloudburst Drainage on Temperature 
Stratification in a Colorado Reservoir. Philip A. 
Buscemi, University of Colorado. 

5. Notes on the Occurrence of Polydactylism in a Sec- 
ond Species of Amphibia in Muskee Lake, Colorado. 
Willard N. Rosine, University of Colorado. 

6. Two New Records of Foreign Mollusks in Arizona. 
Albert R. Mead, University of Arizona, Tucson. 

7. Some Effects of Diet on Resistance of Rats and Mice 
to Simulated Altitude. Owen France, University of 
Colorado. 

8. The Ants of Colorado: A Progress Report. Robert 
E. Gregg, University of Colorado. 

9. The Altitudinal Distribution of Ants in the Sandia 
Mountains of New Mexico. Willis B. Gunn and C. 
Clayton Hoff, University of New Mexico. 

10. The Orthoptera of Dinosaur National Monument. 
Gordon Alexander, University of Colorado. 

11. Chromosomal Variation Correlated with Geographical 
Distribution in Trimerotropis suffusa (Orthoptera). 
Edwin R. Helwig, University of Colorado. 

12. Some Morphological Aspects of the Larva of Myr- 
mica brevinodus sulcinodoides (Hymenoptera, Formi- 
cidae). Harold J. Grant, University of Colorado. 
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13. Cleaning Skeletal Material with Meal Worms. Lowell 
E. Swenson, University of Colorado Museum. 

14. A New Nyeteribiid (Diptera) from a Colorado Bat. 
Robert M. Stabler and Richard M. Fox, Colorado Col- 
lege. 

15. Winter Species Association Groups among Birds. 
Richard G. Beidleman, Colorado A & M College. 

16. A Course in Techniques of Biological Literature and 
Nomenclature. Albert R. Mead, University of Arizona. 

17. Qualitative Distribution of Aquatic Invertebrates 

oa among the Plants in Muskee Lake, Colorado. Willard 

2 N. Rosine, University of Colorado. 

18. The Ponderosa-Grassland Ecotone in North Central 
Colorado. Richard G. Beidleman, Colorado A & M 


College. 

"a 19. Mosquitoes of Dry-Farming and Irrigated Areas of 
Southeastern Colorado and Northeastern New Mexico. 
a C. Clayton Hoff, University of New Mexico. 

a 20. Sand, Wind, and Plants on the Coast of Oregon. 
ev William 8. Cooper, Boulder. 

ee: 21, The Flora of Ponape, Caroline Islands. Sidney F. 
M Glassman, University of Wyoming. 

= 22. Curative Effect of Enheptin in Pigeon Trichomo- 
ee niasis. Robert M. Stabler, Colorado College. 

. 23. Lethal Mutations Produced in Drosophila melano- 
hap gaster by the Auxin y-indole-3-n-butyric acid. Chester 


Jekot, University of Colorado. 


ug 24. Tolerance of Excised Skeletal Muscle to X-Radiation. 
ie E. H.-Brunquist and William B. Morgan, University of 
Colorado Medical School. 

wih 25. The Effects of some Amino Acid Analogs on the 


Development of the Chick Embryo in vitro. Ursala 
Rothfels, Heinz Herrmann, and Henry Klooster, Uni- 
versity of Colorado Medical School. 

26. Extirpation and Transplantation of a Tumor in the 
Syrian Hamster (16-mm colored sound film). Edward 
D. Crabb, University of Colorado. 

27. ‘*Fluid Loss’’ versus ‘‘ Toxic Factor’’ in Traumatic 
Shock. Jay B. Wells, Harvey G. Brown, and Fred E. 
D’Amour, University of Denver. 

28. The BMR of the Rat in Traumatic Shock. Irvin I. 
Kibbey and Fred E. D’Amour, University of Denver. 

29. The Effect of ACTH and of Cortisone on the Sur- 
vival Time of the Rat in Traumatic Shock. Fred E. 


D’Amour, University of Denver, and Donn L. Smith, 
University of Colorado Medical School. 

30. Distribution of Afferent Fibers in the Vagi of the 
Rat. Rudolf de Luise and Fred E. D’Amour, University 
of Denver. 

31. Seasonal Periodicity of some Phytoplankters in Col- 
lege Lake, Colorado. Bert O. Thomas and John R. 
Olive, Colorado A & M College. 

32. A Precursory Consideration of the Limnology of 
the Rawah Primitive Area, Colorado. John R. Olive, 
Colorado A & M College. 

33. Some Aspects of Growth and Maturity of Hereford 
Cattle on a Typical Southern New Mexico Range. W. 
E. Watkins, J. H. Knox, and Marvin Koger, New 
Mexico Agricultural Experiment Station. 

34. Distribution of the Rh Antigen in the Spanish-Amer- 
ican Population of Northeastern New Mexico. Robert 
D. Smith and John DePalma, New Mexico Highlands 
University. 

35. The Effects of Isonicotinichydrazide (Nydrazid) on 
Sputum Count, Urine, Blood Picture, and Clinical 
Symptoms of Ten Tuberculosis Patients. Carl H. Gel- 
lenthien, Valmora Sanatorium, New Mexico, and Rob- 
ert D. Smith, New Mexico Highlands University. 

36. Weight Changes of Adults in an Inbred Colony of 
Syrian Hamsters. Marcia Frances Curry, University of 
Colorado. 

37. Effect of Cortisone on Extramedullary Hemato- 
poiesis in Tumor-Bearing Hamsters. Margaret A. Kel- 
sall and Edward D. Crabb, Beta Sigma Phi Cancer 
Research Foundation and Department of Biology, Uni- 
versity of Colorado. 

38. The Influence of Hydroquinone on the Growth and 
Organogenesis of the Developing Chick. Frances Hol- 
brook, Kayo Sunada, and L. Floyd Clarke, University 
of Wyoming. 

39. The Ecology of the Muskrat in the Laramie Plains 
Area. Robert Krear, University of Wyoming. 

40. Notes on the Reproductive Cycle of the Leopard 
Frog, Rana pipiens, in Southern Wyoming. George 
T. Baxter, University of Wyoming. 

41. The Distribution of the Rocky Mountain Moose, 
Alces a. shirasi. R. H. Denniston, University of Wyo- 
ming. 


Scientific Book Register 


: General Biology. 4th ed. James Watt Mavor. New York: 

r Maemillan, 1952. 875 pp. $5.75. 

Laboratory Exercises in General Biology. 4th ed. James 
Watt Mavor. New York: Macmillan, 1952. 333 pp. 
$3.50. 

Radiocarbon Dating. Willard F. Libby. Chieago: Univ. 
Chicago Press, 1952. 124 pp. $3.50. 

The Dragonflies of Southern Africa. Transvaal Museum 
Memoir No. 5. E. C. G. Pinhey. Pretoria, 8S. Africa: 
Transvaal Museum, 1951. 335 pp., incl. 46 plates. 

The Lipids: Their Chemistry and Biochemistry: Chem- 
istry, Vol. I. Harry J. Deuel, Jr. New York—London: 
Interscience, 1951, 982 pp. $18.50. 

Electrical Measurements, Forest K. Harris. New York: 
Wiley; London: Chapman & Hall, 1952. 784 pp. $8.00. 

Under the Sea-Wind: A Naturalist’s Picture of Ocean 
Life. Rev. ed. Rachel L. Carson. New York: Oxford 
Univ. Press, 1952. 314 pp. $3.50. 
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Geologic Guidebook of the San Francisco Bay Counties: 
History, Landscape, Geology, Fossils, Minerals, Indus- 
try, and Routes to Travel. Olaf P. Jenkins, Ed. San 
Francisco: State of California, Division of Mines, 
1951. 392 pp. $2.50. 

A Textbook of Orthopedics. With a section on neurology 
in orthopedics. M. Beckett Howorth. Philadelphia- 
London: Saunders, 1952. 1110 pp. $16.00. 

Nuttall’s Travels into the Old Northwest: An Unpub- 
lished 1810 Diary. Jeannette E. Graustein, Ed. 
Waltham, Mass.: Chronica Botanica, 1952; New York: 
Stechert-Hafner. 88 pp.; 12 plates. $3.00. 

The Stars: A New Way to See Them. H. A. Rey. Boston: 
Houghton Mifflin, 1952. 143 pp. $4.00. 

Chemical Calculations: An Introduction to the Use of 
Mathematics in Chemistry. Sidney W. Benson. New 
York: Wiley; London: Chapman & Hall, 1952, 217 
pp. $2.95. 
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BOOKS. WW 


PRINCIPLES of 
GEOCHEMISTRY 


ADVANCED 
STATISTICAL METHODS 
in BIOMETRIC RESEARCH 


MALEIC ANHYDRIDE 
DERIVATIVES 


PRINCIPLES of 
HUMAN RELATIONS: 
Applications to Management 


Send for approval copies 


by Brian Mason, Indiana University. Written from the geolo- 
gist’s viewpoint, this book summarizes the significant facts and 
ideas concerning the chemistry of the earth, and synthesizes these 
data into a coherent account of the earth’s physical and chemical 
evolution. The author places considerable emphasis on the inter- 
relationship between geology, chemistry, physics, astronomy, and 
biology, and points out some of the gaps which exist in our under- 
standing of fundamental earth science problems. April 1952. 276 
pages. $5.00. 


by C. RaDHAKRISHNA Rao, Indian Statistical Institute. This sig- 
nificant new book presents a unified treatment of mathematical 
distribution, statistical inference, and diverse computational tech- 
niques. Novel features include the development of a suitable 
theory of inference in classificatory problems and the introduc- 
tion of discriminatory topology useful in ordering statistical 
groups to discover their affinities and differences. A Wmry Pus- 
LICATION IN Statistics, Walter A. Shewhart, Editor. June 1952. 
Approx. 394 pages. Prob. $7.50. 


by H. L. Frerr and WitiiaM H. Garpner, Allied Chemical and 
Dye Corporation. The authors have gathered together the most 
useful and interesting reactions of one of the most versatile of 
chemical compounds, maleic anhydride. The organization of the 
book is unique—each reaction is confined to two open pages that 
graphically describe a particular type of preparation, how it is 
made, characteristics, etc. An index summarizes the hundreds of 
compounds which may be prepared from maleic anhydride and 
its esters. June 1952. Prob. $6.50. 


by Norman R. F. Mater, University of Michigan. Group decision 
and non-directive counseling are the underlying themes of this 
book. Some of the principles and techniques are new, but the most 
significant point is that he has “been permitted by industry to use 
existing industrial organizations as my laboratory to evaluate 
certain experimentally derived techniques.” His ways for control- 
ling behavior presented here are consistent with permissiveness 
and true democracy. June 1952. Approx. 450 pages. Prob. $6.00. 


JOHN WILEY & SONS, Inc., 440 Fourth Avenue, New York 16, N. Y. 
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RESEARCH BIOCHEMICALS 
for 
Biochemical 
Biological & Microbiological 
INVESTIGATIONS 
TYPICAL NBCo PRODUCTS 


Listed in New Catalogue S +810 


Alpha Keto Glutarie Acid 
DL Homocysteine 
Desoxyribonuclele Acid 
Cytidine Sulphate 
L Alanine Protamine Sulphate 


Xanthosine DL Homocystine 
Write for Revised Catalogue S 950 Listing 


a Complete Selection of Over 500 
Important Biochemicals 


CLEVELAND 28 


Uridylic Acid 


ACTH * Growth * Gonadotropes 
Estrogens * Androgens 


Corticoids * Progesterone 
Others 


HYPOPHYSECTOMIZED 
RATS 


Write for details 


ENDOCRINE LABORATORIES 
OF MADISON, INC. 


5001 W. BELTLINE HIGHWAY ® MADISON, WISCONSIN 


Meetings & Conferences 


Apr. 27-May 1. Society of American Bacteriologists. 
Statler Hotel, Boston. 

May 1-2. American Venereal Disease Association and 
Experimental Therapeutics Study Section of National 
Institutes of Health, Symposium on Venereal Diseases 
(Annual). Washington, D. C. 

May 1-3. American Goiter Association. St. Louis. 

May 1-3. American Physical Society (Spring). Wash- 
ington, D. C. 

May 1-3. Amputee Conference (Annual). Kessler Insti- 
tute for Rehabilitation, West Orange, N. J. 


May 1-3. Geological Society of America, Southeastern 


Section and Southeastern Mineral Symposium. Hotel 
Roanoke, Roanoke, Va. 

May 1-3. New York Geological Association (Annual 
Field Meeting). Buffalo. 

May 1—4, AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
oF ScIENCE, Southwestern Division. University of Colo- 
rado, Boulder. 

May 1-7. American Foundrymen’s Society (Annual). 
Atlantic City. 

May 1-7. International Foundry Congress and Show. 
Atlantic City. 

May 2-3. American Council on Education (Annual). 
Palmer House, Chicago. 

May 2-3. Association for Computing Machinery. Mellon 
Institute, Pittsburgh. 

May 2-3. Minnesota Academy of Science. State Teacher’s 
College, St. Cloud. 

May 2-3. Mississippi Academy of Science. Buena Vista 
Hotel, Biloxi. 

May 2-3. West Virginia Academy of Science (Annual). 
West Virginia Wesleyan College, Buckhannon. 

May 3. American Mathematical Society (Far Western). 
Fresno State College, Fresno, Calif. 

May 4-8. Electrochemical Society. Philadelphia. 

May 4-11. International Congress of Comparative Pa- 
thology. Madrid. 

May 5. American Society for Clinical Investigation. 
Atlantie City. 

May 5-6. National Air Pollution Symposium. Huntington 
Hotel, Pasadena, Calif. 

May 5-7. American Geophysical Union (Annual). Na- 
tional Academy of Sciences, National Research Coun- 
cil, Washington, D. C. 

May 5-7. American Mining Congress (Coal Convention). 
Netherland Plaza Hotel, Cincinnati. 

May 5-7. Industrial Research Institute. Sky Top, Pa. 

May 5-16. British Industries Fair. London and Bir- 
mingham. 

May 6-7. Association of American Physicians. Atlantic 
City. 

May 6-8. American Meteorological Society (Joint with 
Section of Meteorology, American Geophysical Union). 
Washington, D. C. 

May 6-9. International Lighting Exposition and Con- 
ference. Public Auditorium, Cleveland. 

May 6-9. Scientific Apparatus Makers Association (An- 
nual). Edgewater Beach Hotel, Chicago. 

May 7. Western Society of Engineers, Society for Ex- 
perimental Stress Analysis (Chicago Section), and 
Mechanics Colloquium of Armour Research Founda- 
tion. Northwestern University, Evanston, Ill. 
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Publications Received 


A Dictionary of Psychology. James Drever. Baltimore, 
Md.: Penguin Books, 1952. 315 pp. 85¢. 

Operating Characteristics of the Carver 176-Saw Linter. 
D. H. Piner, Jr., and A. C. Wamble. College Station, 
Tex.: Texas Eng. Expt. Sta., 1951. 9 pp. 

Pasture Development on Heath Country in South Aus- 
tralia. A. J. Anderson and C. A. Neal-Smith. Mel- 
bourne: Commonwealth Scientific and Industrial Re- 
search Organization, Australia, 1951. 31 pp. + illus. 

Planet Earth. Man and his World Series for Junior and 
High School Grades. Rose Wyler. New York: Schu- 
man, 1952. 156 pp. $2.50. 

Practical Applications of Democratic Administration. 
Clyde M. Campbell, Ed. New York: Harper, 1952. 
325 pp. $3.00. 

Proceedings Koninklijke Nederlandse Akademie Van 
Wetenschappen. Series A, Mathematical Sciences, Vol. 
LIV, No. 4. Proceedings Koninklijke Nederlandse Aka- 
demie Van Wetenschappen. Series B, Physical Sci- 
ences, Vol. LIV, No. 4. Proceedings Koninklijke Neder- 
landse Akademie Van Wetenschappen. Series C, Bio- 
logical and Medical Sciences, Vol. LIV, No. 4. Amster- 
dam: North-Holland Publishing Company, 1951. 

A Proposed Open-Ditch and Tunnel Sea-Level Ship 
Canal Across Honduras. William H. Hobbs. Ann Arbor, 
Mich.: Edwards Brothers, 1952. 10 pp. (No price 
given.) 

Reaction Kinetics in Chemical Engineering. Chemical 
Engineering Progress Monograph Series No. 1, Vol. 
47. Olaf A. Hougen. Ann Arbor, Mich.: Edwards 
Brothers, 1951. 74 pp. 

Report of the Committee on a Treatise on Marine Ecol- 
ogy and Paleoecology 1950-51. ‘Washington, D. C.: 
Div. Geology and Geography, National Research 
Council. 83 pp. $1.00. 

Research Corporation 1951 Annual Report. New York. 
63 pp. 

The Research Institute of Environmental Medicine, 
Nagoya University, Annual Report 1947-49. Nagoya, 
Japan, 1951. 105 pp. 

The Scaphopod Mollusks Collected by the First John- 
son-Smithsonian Deep-Sea Expedition. Smiths. Misc. 
Coll., Vol. 117, No. 6. William K. Emerson. Washing- 
ton, D. C.: Smiths. Inst., 1952. 14 pp. (No price given). 

School Housing for Physically Handicapped Children. 
Romaine P. Mackie. Washington: GPO, 1951. 26 pp. 
15¢. 

Scientism, Man, and Religion. D. R. G. Owen. Phila- 
delphia: Westminster Press, 1952. 208 pp. $3.50. 

Social Science Research Council Annual Report 1950-51. 
New York. 71 pp. 

Soils of the Margaret River—Lower Blackwood River 
Districts, Western Australia. Bull. No. 262. R. Smith. 
Melbourne: Commonwealth Scientific and Industrial 
Research Organization, 1951. 51 pp. (No price given.) 

A Study of an Intermediate Snail Host (Thiara Grani- 
fera) of the Oriental Lung Fluke (Paragonimus). 
From the Proceedings of the U. 8. National Museum. 
R. Tucker Abbott. Washington, D. C.: Smths. Inst., 
1951. 

Ultrasonics—Two Symposia. F. J. Van Antwerpen, Ed. 
New York: Am. Inst. Chem. Engrs., 1951. 87 pp. 
Ultraviolet Spectra of Aromatic Compounds, Robert A. 
Friedel and Milton Orchin. New York: Wiley; London: 

Chapman & Hall, 1951. 52 pp. + illus. $10.00. 
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GLASS ABSORPTION: 


CELLS KLETT 


Makers of Complete Electrophoresus Apparatus 


«SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 

Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturing Co. 
179 East 87 Street, New York, 


PRICELESS 


Over 140 foreign periodicals . . . over 700 for- 
eign book reprints . . . ready for delivery at 
prices even lower than the original through the 
ay Brothers LITHOPRINT process of Book 


Here’s your opportunity to have access to the 
= discoveries and advances of the War Years 
in Europe. 


One book may be priceless to you! 


City. STATE 


J. W. EDWARDS 


ANN: ARBOR, MICHIGAN 
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YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
aberaparion, and research foundations in the U. S. 
7 foreign countries—at a very low cost 
eumuia, 15¢ per weed, minimum charge $3.00. Use of 
Box Number counts as 10 additional words. 
DISPLAY: $17. 50 per ineh, no charge for Box Number. 
Correct payment to Sqpencs must accompany all ads. 
Insertion usually made 2 or 3 weeks after receipt of ad. 


SCIENCE @ 1515 Mass. Ave.. N.W., Wash. 5, D. C. 


waNTED 


pisteghe. recent Ph.D. from outstanding university desires teach- 
position with opportunity for research. ees experience ; 
oa lications. References. Box 178, SCIENCE 4/25 


Biologist: M.S. Married, one child, age 27. Two years college 
teaching experience. Physiology, genetics, general iology, em- 
bryology, comparative anatomy. 


Desire Position with 
opportunity for research. Box 183, SCIENCE x 


Botanist-Bacteriologist. Ph.D. Desires college beri! 
biological research. Teaching experience. Box 172, SCIENCE. 


Ecologist: Ph.D. (June). Limnology, Entomology. Large Eastern 
University. Three years teaching open. Desires teaching with 
research opportunity. Box 186, SCIENCE. 5/2 


or micro- 
x 


Geneticist—Zoologist, Ph.D., married, 42. At present associate 
professor, liberal arts college. Desires teaching-research posi- 
tion, preferably in eastern state. Box 175, SCIENCE. 4/25, 5/2 


Geneticist—Biophysicist—Zoologist, Ph.D., ten years of mie 


CHEMOTHERAPIST 


For ethical pharmaceutical house near New York City. Ex- 
perience in testing research substances for antiviral activity 
desirable. Good opportunity for Ph.D. or M.D. capable of 
developing new techniques and perfecting old methods of 
testing both synthetic and naturally occurring compounds. 
Please send resume and state salary requirements. Box 163, 
SCIENCE. 


THE HEBREW INSTITUTE OF TECHNOLOGY Haifa, 
Israel, proposes to appoint a Professor of Physical Chemistry. 


Applicants should have first-rate professional and Academic 
qualifications, be willing to integrate themselves into the 
life of the country and, in due course, to teach in Hebrew. 


Applications with full details should be sent, 
mission to Haifa, to: 


for trans- 


THE AMERICAN TECHNION SOCIETY 
80 Fifth Avenue 


New York 11, New York 


teaching and research experience, desires resp 
research position. Box 170, SCIENCE. 4/25 


Geologist: Ph.D., field, research, and teaching experience in general 
geology, petroleum geology, sedimentology, and engineering geology 
with practice in soil mechanics, wants position in industry or as 
teacher with research facilities. Box 184, SCIENCE. x 


Microbiologist, man, 32. Six years post-doctoral experience in 
intermediary metabolism, fermentations and antibiotics. Publica- 
tions. Prefer research, Box 187, SCIENCE. x 


Recent Ph.D., 26, desires research in pharmaceu- 
Box 185, SCIENCE x 


Physiological-Zoologist: Ph.D. (1951) age 31, married, veteran, 
well rounded biological training. Sigma Xi, desires academic teach- 
ing and research or industrial. Pre and post doctoral AEC fellow. 
Publications, limnology, plant-ecology, biochemistry of Tetrahymena 
trace-metals). Teaching experience. Box 188, 


Organic Chemist: 
ticals. Publications. 


Ph ——— Ph.D. in June, male, General, Comparative and 4 
ian Physiology, desires academic position with research op 
tunities. Research in Endocrinology and General 
lications. Teaching experience. Box 159, SCIENCE. x 


Physicist-Mathematician: Ph.D., formerly Professor at several 
European Universities. Original investigations in Applied Mathe- 
matics, Geophysics. No language ae Desires research profes- 
sorship or equivalent. Box 182, SCIE NCE. x 


Position Wanted: 

Physician recognized as one of country’s leading pharmacologists ; 
has served with distinction as head of department of pharmacology, 
important university; for further information, please write Science 
Division, Medical Bureau, Palmolive Building, Chicago. x 


Zoologist, PhD., 15 years research and teaching experience; proto- 


zoology, parasitology, cellular physiology and growth. Numerous 
publications. Desires university or medical school cece 
Box 145, SCIENCE. $/ 


PO SAT OMEN 


Teaching Fellowships or Assistantships in Zoolo 


y and Physiolo 
at Eastern College for women. Box 179, SCI IENCE. . g 


Graduate Assistantships: Available September 1952 at large 
Catholic university in New York City. Stipend usually $1000. 
Opportunity to study for Master’s degree in inorganic, organic and 
Write chemistry, bacteriology, and physiology. 
rite to Graduate School, St. n’s University, Brooklyn 6. 
New York. xX 


Literature Scientist—for literature research in clinical and = 
clinical fields with well established Philadelphia pharmaceutical 
manufacturer. At least M.S. or equivalent experience, chemical- 
biological background, preferably microbiological; some experience 
in scientific literature searching. Liberal employee benefits. Excel- 
lent working conditions and facilities. Salary open. Send complete 
details. Box 181, SCIENCE. x 


Positions Open: 
(a) Instructor, Assistant or Associate Professor or Professor of 
should be interested electronics; Ph.D. required for pro- 
essorship; university school of medicine. (b) Physician or Ph.D. 
in one of biological sciences for medical editorial position, $8000- 
$10,000 dependent upon qualifications; East. (c) Instructor for 
oss anatomy and histology; D.D.S., Ph.D. or M.D.; Pacific 
oast. (d) Research Physiologist or Pharmacologist ; Ph.D.; uni- 
versity medical school appointment; two-year grant; opportunity, 
orignal research; $5000-$8000. (e) Psychologist; Ph.D., for psy- 
logical testing, capable of developing training program for 
Riychology interns; private institution, university medical center; 
idwest. (f) Biochemist trained in enzyme chemistry; research 
position; Chicago. (g) Bacteriologist for research appointment; 
non-medically inclined; well known research institution; Midwest. 
(h) Histologist with Gaining in biology and anatomy; research ap- 
pointment, medical school. $4-4 Science Division, Medical Bureau 
(Burneice Larson, Director) Palmolive Building, Chicago. 


THE UNIVERSITY OF SYDNEY 
SENIOR LECTURESHIP IN PHARMACOLOGY 


Applications are invited for the position of Senior 
Lecturer in the Department of Pharmacology. Medical or 
scientific qualifications are required together with ex- 
perience in research or teachin in cro 4 Fm 
will include teaching and guidance of research apni 
tunities can be provided for the development of ppp, 
salary will within the range of £1,0 es 
annum plus cost of living adjustment lage a ~y 82 
males and £139 females), with annual increments of 
£50, and is subject to deductions under the State ay 
annuation Act. The commencing salary will 
according to ‘x and experience. The successful 
applicant wil required to take up duties as soon 
as practicable. Applications, supported by copies of 
testimonials and giving the names of ree referees 
should be d to reach the from 
whom further information may tain not 


later than May, 
. H. MAZE, 


10 
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PERSONNEL PLACEMENT 


'POSITIONS OPEN | 


Research Assistantships in Physical and Chemical Oceanography 
with emphasis on inshore and estuarine problems—$1125 to $1800. 
Curricula leading to M.S. and Ph.D. degrees. Requirements: degree 
in a physical science with mathematics through calculus. Write: 
Director, Chesapeake Bay Institute, The Johns Hopkins Univer- 
sity, RFD 2, Box 426-A, Annapolis, Maryland. 5/2 


University of Natal, South Africa. The Council of the University 
invites applications for the undermentioned posts at the non- 
European Medical School, Durban: (1) One Senior Lecturer in 
Anatomy. (2) One Senior Lecturer in Histology. (3) One Senior 
Lecturer in (4) One Senior Lecturer Bio- 
The salary scale attached to the posts is £600 x £25-— £900 
annum. In addition a temporary cost of living allow —— is paya le 
at the rate of £256 p.a. for a married person and £109 p.a. for a 
single person. A University Finances Commission is at present 
investigating the revision of these salary scales. An ad itional 
remuneration, not exceeding £125 per annum, will be paid in the 
form of a non-pensionable allowance as an interim measure for 
1952 only. Further particulars and information as to the method of 
application may be obtained from the Secretary, Association of 
Universities o is British Commonwealth, 5, Gordon Square, 
London, W.C. The closing date for the receipt of ei | 
is 15th "May, 1982. 


—The MARKET PLACE 


* SERVICES + SUPPLIES + EQUIPMENT 


Hill | BOOKS | Ih 
WANTED TO PURCHASE ... Sets and runs, foreign 
SCIENTIFIC | 

and BOOKS collections wanted. 


WALTER j. JOHNSON @ 125 East 23rd St., New York 10, N. Y. 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description of periodical files you are willing to sell 
at high market prices. Write Dept. A3S S. CANNER, Cc 
Boston 19, Massachusetts 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Complete libraries—Sets and a titles 
Also, please send us your want | 
CHERT - HAFNER, INC. 
31 East 10th St.. New York 


~The MARKET PLACE— 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


YOUR ad here reaches over 32,000 foremost scien 
in the leading educational institutions, 
laboratories, and research foundations in the U. S. 
and 76 foreign countries—at a very low cost 
CLASSIFIED: 20¢ per word, minimum charge $5.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 
DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—providing satisfactory credit is establis! 
Single insertion $17.50 per inch 
7 times in 1 year 16.00 per inch 
1 year 14.00 per —4 
26 times in 1 year 12.50 per 
52 times in 1 year 14:00 ber tmch 
For PROOFS on display ads, must reach SCIENCE 4 
weeks before date of issue (Friday «f every week). 


THE NATURE OF SOME OF 
OUR PHYSICAL CONCEPTS 


by P. W. Bridgman 
Professor of physics at Harvard 
University and Nobel Prize winner 


Three lectures were given at the University of Lon- 
don in the spring of 1950. The particular object was to 
distinguish between the “instrumental” and the “paper 
and pen” component of the operations of the physicist. 
In the first lecture, among others, the concepts of field 
and empty space are examined, and it is shown that 
there is no instrumental operation by which action at 
a distance can be distinguished from action through 
a field. In the second lecture the fundamental concepts 
of thermodynamics are examined, and in the third the 
phenomena of conduction of electricity in massive con- 
ductors. $2.75 


Eapedite Shipment by prepayment 


PHILOSOPHICAL LIBRARY, Publishers 
9 East 48th St., Desk Z, New York 17, N. Y. 


April 25, 1952 


iii PROFESSIONAL SERVICES 


FOOD RESEARCH 
LABORATORIES, INC. 


Founded 1922 
Philip B. Hewk, Ph.D., President 
Bernerd L. Oser, Ph.D., Director 
Research Analyses Consultation 
Biologicol, Nutritional, Toxicological Studies 
for the Food, Drvg ond Allied industries 


48-14 33rd Street, Long Island City 1, N.Y. 


———@ RESEARCH 


CONSULTATION 


ANALYSES 


THE MOST DISTINGUISHED FACULTY 
IN MORTUARY EDUCATION 
NATIONALLY ACCREDITED 


REGISTRATION—OCT. Ist 


(Write to Registrar for Catalog) 


WORSHAM COLLEGE 


OF MORTUARY SCIENCE 


FOUNDED 1911 
1901 W. Jackson Blvd., Chicago 12, Ill. 


LABORATORY SERVICES 


FOUNDATION) i, Biochemistry, Chemistry, Bacteriology 
and Insecticide Testing 

Screening of compounds for insecticidal, 
fungicidal and bactericidal properties 


Biological evaluation and chemical 
determination of insecticides 


: 3 Peet Grady and C.S.M.A. aerosol tests 
Warfarin assays 
Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P. O. BOX 2059 ° MADISON 1, WISCONSIN 
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—The MARKET PLACE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


PROFESSIONAL SERVICES 


LOOKING FOR A PUBLISHER? 


Write for Free Booklet SC telling how we can publish 


your book. All subjects considered. New authors welcome. 


VANTAGE PRESS, Inc. 


230 W. 41 St., New York 18. 


SUPPLIES AND EQUIPMENT |i 


GLASS BLOWING Exerc 


According to Specifications for chemical, medical, 
industrial RESEARCH LABORATORIES. 


Accurate and Fast Service 


LABORATORY GLASS SUPPLY CO. © 150th St. 


SUPPLIES AND EQUIPMENT || 


© HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 


HORMONE ASSAY LABORATORIES, Inc. @ $08 E. 58th St. 


Chicago 37, Ill. 


Rare Sugars, Biochemical Products, Reagents, New 
Pharmaceuticals in stock. Write or phone PLaza 
7-8171 for complete price list. 


BIOS LABORATORIES, INC. 17. West 60th Street, 


New York 23, N. Y. 


SQUARES, RECTANGLES 
AND CIRCLES 


Propper Select Quality Micro Cover Glasses are 
non-corrosive, non-fogging, and entirely free from 
flaws . . . meet or exceed all Federal specifications. 


@ Largest and most complete stock in - U. S. A. 
@ Special sizes of any dimension made t 
@ Complete range of circles also available. 


Write for details, prices, and samples. 


PROPPER MANUFACTURING CO., INC. 


10-34 44th Drive, Long Island City 1, New York 


~ A I N ~ 
STARKMAN Biological Laboratory Bloor St.. w. 


ULTRAFAST COUNTING 
WITH 
NEW 10 oz. electronic totalizers—Count 
} pulsations to 100 K.C./sec., totalize to as- 
trononiic proportions. For basic & applied 
a's research in nuclear physics, life sciences, 
radiology, isotope work, geophysics. 


Ask for Bull. STU 


STHAIEX INSTRUMENT LD. 


1861 HILLHURST AVE., LOS ANGELES 27,CALIF.U.S.A. 


PLANT MARKERS 


SAMPLE 


Write for free sample of our new a ng 
Write Plant Marker. Your writing appears 
under the weatherproof surface. 
You can write on this marker with any hard point! 
Ask jor Sample PM-S. 


118 Liberty St., New York 


DL-GLYCERALDEHYDE 


CONCORD LABORATORIES e 292 Main St. 


Cambridge 42, Mass. 


12 


ELECTRON MULTIPLIER 
PHOTOMETER 


Enables critical measurements which generally cannot 
be accomplished with ordinary photometers. 

Designed for measurements at very low light levels. 
The detecting unit is comprised of a photomultiplier 
tube of exceptionally high amplification and regional 
response. The control unit consists of a stable battery 
power supply enabling a wide range of sensitivity selec- 
tion, linear response and dark current balance. Ar- 
ranged for easy attachment to various instruments. 


Bulletin 3804 
on Request 


PRECISION OPTICS, ELECTRONIC 
AND SCIENTIFIC INSTRUMENTS 


FARRAND OPTICAL C0, Inc. 


BRONX BLVD. and EAST 238th STREET - NEW YORK 70, N. Y. 
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new MicGRAW-HILL 


PSYCHOLOGY 


By Ross Sracner, University of Illinois and THzopore Karwoski, Dartmouth College. Ready 

in Spring 
An outstanding new text for first-year college students, covers the facts of psychology in its important 
areas (motivation, sensing, perceiving, learning, thinking, intelligence and personality) and presents 
these facts in such a way that the student can readily grasp both their interrelationships and signifi- 
cance within the total scope of the book itself. In order to effect the exceptional unity of treatment 
which this book affords, the authors have presented their material in terms of homeostasis and the 
psychology of perception. 


THE MEASUREMENT OF HEARING 
By Ira J. Hirsu, Washington University. McGraw-Hill Publications in Psychology. Ready in 
July 
A text for clinical otologists, experimental psychologists, acoustics or communications engineers, and 
others who do experimental work on hearing. It brings together basic, experimental information 
about acoustics, electroacoustic equipment, psychology of hearing, etc. and applies this information 
to the several facets of the measurement of hearing. 


PERSONALITY MEASUREMENT 
By Leonarp W. Fercuson, Metropolitan Life Insurance Co., New York. McGraw-Hill Publi- 
cations in Psychology. Ready in July 
A college text, providing the first comprehensive account of the major methods by which personality 
tests have been constructed. The material covered has heretofore been available only in extremely 
scattered sources. This book brings together a description and appraisal of the test construction 
methodologies with which all serious students of psychology must be familiar. 


THE PSYCHOLOGY OF THINKING 
By W. Epoar VinackE, University of Hawaii. McGraw-Hill Publications in Psychology. Ready in 
July 
The first modern treatment of the subject, which normally follows the curriculum the “psychology of 
learning.” Its purpose: to survey the phenomena of human thinking, to formulate the basic problems 
involved, and to clarify the current research status thereof; to present a comprehensive theoretical 
framework for the understanding of human mental processes; to place the subject of human think- 
ing on a scientific basis by defining methods, problems, working hypotheses, and tentatively-substan- 
tiated conclusions. 


Send for copies on aproval 


McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street New York 36, N. Y. 
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SPENCER 


MICROTOME AT LOW COST 


Watts 


Mention ‘Microtome’ and you think of AO Spencer... a 
name synonymous with utmost precision in section cutting 
instruments for half a century... a name closely associated 
with the latest developments in ultra-thin sectioning. 


Several AO Spencer Microtomes are especially designed 
to meet the needs of educators. Offering maximum precision 
at lowest cost, they permit students to cut sections easily 
and accurately. 


No. 810 ROTARY 
MICROTOME 


—an instrument with 
automatic feed mech- 
anism for rapid, uni- 
form serial sectioning. 
Price $292 complete 
with 110 mm knife 
back and handle. 


No. 900 TABLE MICROTOME 


—a low priced model for cutting uniform 
sections by hand. Price $47. 


For details write Dept. D-4. 


American-@ Optical 


cCOmPrany 


INSTRUMENT DIVISION « BUFFALO 15, NEW YORK 


SAY on 
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